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GENERAL PREFACE 


The rapid developnnMit of Applied CluMiiistry iii recent years 
has brought about a revqjution all branches of technology. 
This growth has been accelerated during the war. and the 
British Em'[)ire has now an o])])orlunity ol increasing its 
industrial output by the application of this knowledge to the 
raw materials available in the different ])arts of the world 
The subject in this series of handbooks will be treated from 
the chemical rather than the engineering standpoint. The 
industrial aspect will also lx; more ])roiuinent than that of 
the laboratory. Each volume wall be com])lete in itself, and 
will give a general survey of the industr>', showing how 
chemical principles have been a])plied and ha\'e affected 
manufacture. The influence of new inventions on the 
^development of the industry w'ill be skow'n, as also the 
effect of industrial requirements in .stimulating invention. 
Historical notes wall be a feature in dealing with the 
different branches of the subject, but they wall be ke])t 
within moderate limits. Present tendencies and possibie 
future developments will have attention, and some s])ace 
will be devoted to a colnf)arison of indm^rial methods and 
progress in the chief producing countries. There wall be a 
general bibliography, anji also a .select bibliography to follow 
each section. Statistical informationnvall only be introduced 
in so far as it ser^Tes to illustrate tfie line of argument. 

Each book will be divided into sections instead of 
chapters, and the sections will^ deal with separate branches 
of the subject in the manner of a special article or mono- 
graph An attempt wiUj in fact, be made to get away from 
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the ortnoaox textr)00k manner, yot only to mgke the treat- 
ment orij^inal, but also to appeaI*to the very large cl^ss of 
readers already possessinf; good t<^xA)ooks, of which there 
are quite sufficient. The<>ooks should also Be found usefui 
by men of affairs having no special technical kfiowledgg, but 
who may require from time to time* tef refer to technical 
matters in a book of moderate conii)tiss. witl] references to 
the large standaid works for fuller detiiils on.sdhcial points 
if required. 

To the advanced student the books shoWd be especially 
valuable. Ilis mind is often crammed with the hard facts 
and details of his subject which crcTwd out the ])Ower of 
realizing the indiLstr>' as a whole. These books arc intended 
to lemedy such a state of afiairs. Wliile reea])itulating the 
essential liasic facts, they will aim at presenting the reahtv 
of the living indust^^^ It has long been a diawback of oiir 
technical ediu at ion that the college graduate, on commencing 
his industrial career, is jiositively handica])]>cd* by his 
academic knowledge because of his lack of information on 
current industrial conditions A book giving a comjue-* 
hensive sur\'oy of the industry can lie of \ery material 
assistance to the student as an adjunct to his ordinary text- 
books, and this is one of the chief objects of* the iiresent 
series. Those actually engaged in the industiy^ who have 
specialized in rather narrow limits will probably hnd these 
books more readable than the larger textbooks when they 
wish to refresh their memories in regard to branches of the 
sybject with which they are not immediately conceiaed. 

The \'olume will also serc e as a ’guide to the standard 
literature of the , subject, and prqcl of value to th^ con-' 
sultant, so that, having obtained a comprehensive view of 
the whole industry, he can go at once to the proper 
authorities for more elaborate iufo^^nation.on special points, 
and thi^save a coujile of^(la>’s spent jn hunting through the 
libraries of scientific societies. 

As far as this country is concerned, it is beheved that 
the general scheme of this series of handbooks h unique, 
and it is confidently hoped that it will supply mental 
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munitions fo^ the coming industrial war. I havc^bcen 
torti^iiate^n securing writers for the different volumes who 
are specially connecttd^ with tl^ several de])artments of 
Industrial Chefnistr^^ and trust Jhat the whole series will 
contribute td the further development of applied chemistry 
throughout the fimpife. 

SAMUEL RIDEAI. 




AUTHORS’ PflEFACE 

It has been oiir ^endeavour to present to the advanced 
student a brief summar>’ of the properties of paints and 
.varnishes t5>gc1;her with those of their components, and a 
general statejilent of the principles underlying their manu- 
facture. It is*<jf importance to lay stress on the urgent 
need for research in the domain of oils and resins, not only 
on their chemical pr(^K'rties and eoinpositioii but on those 
properties due to surface action and catalysis. Many 
properties of solutions of sus])ensoids and emulsoids are 
presented m varnishes and paints which are only recently 
receiving systematic investigation. Paints and varnishes 
have long been considered solely from the craftsman’s stand* 
point. iVogress has been uneven, and from the methods of 
investigation employed the indu.stry is wrajijied in a thick 
cloak of trade secrets 

in the description ot the manuiacture of varni.shes and 
paints care has been taken to avoid teclinical details beyond 
what are required to illustrate general ])rinci])les In dealing 
with paints the essential requirements are set forth without 
burdening the student with details of fbrimike which arc 
often nntrustworth)’ We have attempted to treat the 
subject in the spirit of the 1 editor’s General Preface and 
are indebted to him for the section on the Rubber 
Hydrocarbons. ^ 

A section on the linoleum industry lias been included, 
for tlfie reason that linoleum, paints and varnishes, have 
much in common *from the standjioint of the general 
properties of dr>’ing oiLv. 

We desire to express our thanks, to Messrs. Mander 
Brothers, Wolverhampton, and to Mr. D. Gestetner of the 
NeO" Cyclostyle Works, Tottenham Hale, London, for* per- 
mission to collaborate in the vfriting of this book. 
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RUBBER-, • RESINS, PAINTS 
AN*D. VARNISHES 

Part .1.— TifE R UB J3ER HYDROt'ARBONS 

(iNDIAiaiBBER : CaoUTCHOUC) 

The British rubber plantation indnstr}^ lias reached its 
present position more by luck and enter])rise than swsteniatic 
cultivation trials : and, as in many other industries, the 
initial success was brought about without much scieiitilic 
thought. •By this, v\c do not mean that the jiioneer work of 
men like Hancock, vvlio suggested cultivating rubber in the 
Hast and West Indies early in the last century, Collins in 
vSingapore sixty years ago, and the later success of Wickham 
in Ceylon with Hevea Braziliensis, have not more than 
justified the boldness with which these earlier enterprises 
v^re marked. It is rather to express surprise tliat so much 
has been done at our botanical experimental stations by 
men like Ridley at Singapore, and the Indian Government 
at Heneratgoda and Peradeniya in Ceylon, with the small 
an^ount o£ scientific assistance and monetary help placed 
at the disposal of plaifters in these two typical British 
tropica^ centres. 

Nearly all the effort of the last thirty years has been 

directed to the trial and selection of native and wild rubbers 

* 

in different climateii and sc^ils rather than any attempt at 
botanical experimental, cultivatioh for producing^ new 
varieties with increased yield of latex or greater resisting 
power to infectious disease. Nothing comparable to the 
Canadian ynprovement in wheats or the phenomenal 
development in the cultivation of the sugar beet on the 
s. 
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Continent has al present been achieved in the' case of 
cultivated rubber. The tran^fdantation and #cuJdvatioii 
of the cinchona in relation to thei}*il‘ld of quiftine shows the 
possibilities in this di reel ion. 

Seeds from Ilevea trees, derived from* Malav, which 
have sjirung up from the paidit stofk*in Ce\Jon. have now 
been grow’ii in alni<»st all known likely r^ublxT-producinp 
areas in the tropieal woild, .so that ckita flow available 
for a careful .study of the conditions w Inclf contribute to 
economic ^lowtli The Cr(“ 1\ estate at*Teliik .^nson has 
semt seeds and cuttinys to both Jvast and West Africa and 
to districts so lar rtnnote as Ibji 5nd Queensland, and it 
would .seem probable that the older jdantations of Ceara 
on the Ivast and Inintuima on the West coast of Africa will 
give ])lace to the Ilevea variet\, and that consc*(|iiently the 
breeding of tliis rublx-r will probably ensure its survival as 
the htte.st foi mdu.strial giowtli 

I'or impiovmg the >ield, and at the same time ensuring 
a robust and long-hvid tree, the necessity for long period 
trials from selected serds is essential ; development of our 
knowledge must neeessaiil> be slower tlian in the case of 
annuals like wlieal or sugar bead Our j)resc*nt sui)reniacy 
in this plantation imlnstry must not be* allowed to decay 
through an\ neglect of studies in this direction. It must not, 
how'ever, be* forgotten that whilst our British plantations 
may be* maintained m the wa> indicated, tlie jiroblem is 
not only one of industrial bed any, but depends on the 
^ suitability' of the j>r(Hluct for the i^iarkets of the Vorld, and 
here VNO depart from the bedanical cultivation of the plant 
to the chemieahand j)hysical prc.perties of the latex, "Und tlie 
methods adopted for its coagulation and ultimate xmlcaniza- 
tion by tlie home use*r 

To correlate these* several factors is ilb easy task ; and the 
RubV.'r Growers' Association and The lalx>ratorie*s here and 
in the ICast have long investigations in front of them, and it 
is doubtful if the planter, relying on the infonnatioii to be 
obtained from botanical exjieri mental cultivation, will 
0uccxH*d in impromg his position, unless the subsequent 
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fate of liis product is Vnown. There is aT the presciij time 
considerate lack of knoAledRc as to the causes of the 
variat)ility 0^ plantatic^i fara nibbcr with different technical 
mixinp;s,*so tliat until we know \^iat arc the conditions of 
[growth which cause the latex to have a different rate of 
cure* when coa^tiliiteii, further progress in this direction 
must be slow' 

• At Kuaki Jdiinpiir. the l^epaitnient of Agriculture ot 
the Federatc^l Malay w'^tates has done good work in this 
direction during^the last few \ears by obtaining evidence 
which goes to siiow that the latex contains, in addition to 
the rubber, proteid s^ibstances which iiiodif}' the rate of 
cure, and that these substances are not precipitated by 
ordinary coagulation 

To obtain uiutonnity in lirst latex rublxTs, the nature 
of this proteid, its aniouiit, and in fact all the conditions of 
its formation in relation to the latex pioduetion, must be 
ascertained before further progress in standardization can 
be effected. 

Buyers know that an over- smoked rublxT has lost much 
of its value, and planters sc'ldom now en in this direction. 
Besides ovcr-smoking, over-wasliing and over-machining 
and the excessive usc‘ of sulphite and jire.^^rvatives con- 
tribute to the destruction, or prevent tlia formation of the 
catalytic proteids which s<‘em so essential for rubber to 
behave well on vulcanization. 

As a matter of fact, the Kuala Lumpur Agricultural 
Station is now engaged on the study of these problems, and 
useful experimental work is being done in the Hast, and at 
Delft,*in Holland, undeP Uie Dutch Goverifment ; but there 
is need for comparison of the work and correlation of the 
results obtained at thes^ different centres of investigation 
with the Ceylon tesearcb» and Uiat .•whieJi is going on in 
Afnc^ more especially lat Aburi. 

It is onl>' quite recently that Uliitby has again maae a 
comparison of the Brazilian and plantation methods of 
preparing i^ara rubber, and from the results of his investiga- 
tions it seems clear that the Brazilian method of preparing 
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rubUtr by smoke co.iy illation is not su] tenor to the 
])lantatK)ii method oi ]ire|iaiii^5 it as smoked •sheet He 
also shows that the latix irom ytiftie, trees fs not inferior 
to tliat from old trees. ]fli hut, the iiibbeT preji^red irom 
the latex ol \ oun^ trees jtroved sui'enor to^tliat fiom the 
latex of old tues both wheij |ae}t.iif^d a'> smoked sheet 
and will'll piijiaud 1)\ smoke eoayulatioii jii the Brazilian 
lashion • , * 

d'he i'X]a nnieiital bolanaal --tatioim ol otir ])lantations 
m the- tioj'ii^ eaimot aKo ailoid to leitoif the wo^k ol the 
l'ji;ahsh and (leiman ilumi^ts on tiu '\ntlKtK |tiodiiel]on 
ol inbbei. S\ lithe tu lubbei exi^t-* and \\a"- ]'H>l)abl\ ol 
use to a limited extent eiuiiii'a the war. jimt a'- synthetic 
nitrate's e Mst anel ]ia\e' leaieKuel the wai ]>e)ssibU', allhe)U;j:li 
we- still look to the tie>|ne'' loi both IIkm inateriaK 

'I’lie- e he mist can eh moiisti.ite the eoiie'ersiein e>l stareh 
mte> isopieiie e)] bntaeik'iie', aiiel Jlaiiie'v i- eenilieleiit that the 
lubber obtiiiiuel liemi mo]>U'iK with the- aiel ol aeetie aeid in 
the labor at oi> m leie-iit le al w it h tluit eei.iynlati el Iremi the plant 
hitex b\ the' same aeiel in tin field 'i'he' l>e>tanist has eel 
te) tell us how m Iha/il en m Mala> , the plant eemverts its 
stareh intei the' isopiuie ]>e)l\niei 

It ina\ be held that the natural rubOei is elabe>rated 
liemi ee'llulose' U^»^e■ll aiiel that stareh m not tlie eh'inental 
souiee ol the inbbei haex. Sawelu^t uneiei ])iessme can 
Ik' bvdiolvseel tei iaxulime aeieh and this substaiiee has in 
the laboiate)r\ , In tlie- aiel e>i phe»s].he)ius ti muljdiiele. been 
llist eeiiu’eited inte) iiie-tln 1 thie»phene. whieli Iom^s its suljdmr 
when lieated with ee>p]»er m a sluaiii ol In dreyeen and forms 
isopicne. Altheinph the ]»Iant l«<!mi;s about these* eliaip^es 
in ail unknown wa>. it eeitaiiil\ accom])hs]ies the task in 
a more ecoiiomie maiinei ; sei that, at the piese-iit time, 
the natuial pu>duet ‘tcikes the lield and enes us aiiotlier 
exainjtle of the advantages whieh iiatuie has oyer the 
products of the labor aton when aecurate knowkdj;c of 
scientilic agriculture is brought to bear upon tropical plant 
dev ek)])u lent ^ 
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Tin R\^v M\TrR!\Y TiiniK I'okmxtiov i\ N\rrKi:, 
Tin, IK* I MsiKUn Tb .\ 

It is chit'K^ilt to :tivo a srkaitiiK' iiiliuiliou of ruhlx'r. 
All olciiu'iitan al anal\Ms sh,,\\^ that it has the 

tiiipiuoal foniiula . that is, uUntical with that of tlia 

•]<irTc clas-^ *(*1 ^ natuiallN -occurring substances kiinwn as 
tcr])cnfs. TlTis lio^s not, liouuwi, rapu-scnt tin- nioK-cular 
coiu])osi^ion ai*!*as tai as tlia natiiialK occiininu lubhci is 
coiicciiKsl this luis not \at bmi (k imit^ I\ lirtv iiniiuJ 'rh<‘ 
mam n asoii li't tl!isis4iiat iiiblxi isac(»lloul 

H\ 'k'striKtUc distillation iil * o,i.;iilatad ruhboi. ''im|ilr 
hcdrcKviiboiis oi d(.timtr and known < oni; >o-it u)ii havi* l)ccn 
oblamcd. and it m piobabK that tlu* iiibbu nioKculc is a 
coudcimail OI I'oIn nicri/A'd lorni ot tla ii\ dioc arhons. 

< >iir knowkditc on tins j»omt, howmar, m still \cr\ obscure 
and thereloie uiKirtain and ^ ontradu to]_\ . 

TIk- subject is iiiithei di-alt wiili imdii sMithctic 
rubber. 

Origin and Distribution. The matmial eommonlv 
known as rublx'r doe-s not occur iiaturalle as siu h, but is 
obtained from a lluid known .r latex eehuli is seere-ted b>' 
nuin\ ])lants the so-called rni)b‘ r jilants^ 1 he lluid Hows 
out of the plant when the* lattei is wounde*d or taj.ped, and 
bv the addition of aeids and heat it Ix-e-onu-s eoai^ulated and 
forms what we reeo_tni/e as rubber IToin an ecoiioiiiical 
point ot view the- lorniation oi the latex in the- jtlant, its 
distribution and its luiKtioii is ol th< e;reate-st iinpoitanee^ 
and \wll the relore- be brftll’v dealt witli hefi4 

The latex Is contained in the eelliilar ti .sm- jimt f)Utside 
the ring of eainbmm ai^d is distributed in that {)ortion of 
the ]danl bv the V.o-c ailed latie iteroi>s \e-selT 'i lie-se form 
a cf ^ iplex ainistomo'^ing ibtwofk, b^-tter sc-eii when a 
longitudinal section is cut The eainbmiu later, which is 
adjacent to the laticiferoiis-lK-i;rmg tissue, is tlxi most im- 
portant jrart of tiie jilant, as grejwth within and without 
takes pla(^ from this layer. It, therefore, on tapping a 
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riibbar tree the cambium is damaged b}- loo deep a cut, 

irreparable damage is made to tlit^ plant AnV fo^m of 
tapping must therefore avoid tlie ^ambiuiiK and j^efcrably 
should aim at getting latex from only a porticwi of the 
laticifcrous vessel in order that tlie fin;cti?)n whicli. the 
vessels pla\ in the life (d the ]ilant ina* ])e interfered with 
as little as ])C)ss]b](.‘ r]>-t(>-date ta]^]>ing n^tiliods recognize 

this and various instruments are in tli? market* which more 

0 

or l('ss ni(‘et vith these rt‘(inirements. ^ 

Like the fluids in all ])]<inis, ihc laU x is juimarily formes:] 
from eaibon dio\i(U' and moi^lim- \)y the intlneiKe of siin- 
liglit, heal, enzxiiRs and (atalxtn* agents, and various 
hypotheses liavc- Inen put foiw aid to ( xplain liow the riib])er 
h\ diot'ailions au s\ntlKti/ad by tin- jtlant 

I'.xpeiiment lias ^hown that tin gu eii ('olouriiig matter 
juesent in tlie li.ivis of ]>]anK m the aetive agent in the 
deeom])Osition of eailxm dioxide and tliat the <. hanj^t* cannot 
Ik* brought alioiit b\ tlie colourk^s ]uotoplasm The pre- 
liininatx stage is aeeompanud b\ the liberation of oxwgen, 
and formation of fornialdelnde-- 

COj-.H.o Ik'Ib) 

The reaction does not inoceed so Minply, and ]]ydrogei| 
peroxide, togetlicf with other oxidases like perearliomc acid, 
are no doubt also juoduced, thus, according to Ilach — 

]lUi) ; --gilloCfb)-; IICIK) 

-CO., i 2liy >2 

. jCO . : gFi..O-; Oo 

* • 

All the products have been Klentit]l*d in various plants^ 

The work of lUitleiow and others has. however, shown 
that formaldehyde is converted' into carbohydrates — 
notably fructose ; and t^x* presence of sugars’ substances 
in inos4» niblxT serums at once suggests the possibiKly of 
rubber being derived from a sugar. 

Now, ercthritol, a direct* sugar derivative, is easily con- 
verted by the action of formic acid into erc threiie or butadiene 
from the methyl derivative of which s}nthetic rubbers, 
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ven' similar in character to natural nt^jlx'rs, have been 
obtaii^cd in the laboratory-* * 

Further, areouliiie to Harrie^^ when rubber is oxidi/.ed 
by means of ox^Jeinof ozone, hevulmic aldeln de is formed, 
and this is identical with the ])roduct lormed when carbo- 
*li\ (bates sut'h,* as ^ardi aie treated with acids This 
aldeh\ de ('oiifams tiie CrJIf, <;ioupmi^ 

Fun<;tion ol "Latex in the Plant. -The exact function 
whicli latex phu s m tiie hie ol the plant is not known, and 
several views, all more»or less contradu tor\ . have been put 
forward to explain the work which the latex is called upon to 
perlorm. 'fhe solution ot the problem is ver\ import tint 
from tiie ])ractical standpoint, for il the lat( x is considered 
to be a waste product of the plant its entire removal would 
be witiiojit injury to the ])lant On the other hand, if tlie 
latex has an important functional piiipose to fuliil, then 
tap])ini; operations m the ])lant must lx* carefully performed 
in order not to drain tiie plant and thus imperil its 
existence. 

The most recent and extensive investigations have bei'u 
carried out by \'ernet. wlio lias studied tiie subject very 
thorou^^hly, and he arrives at certain de^nile conclusions. 
His view's and experiments are briefly put out as 
follows •— 

Is the latex an excretory product ^ “ Plant secretions 

are usually jiroducts which the ])lant diverts into lar^e 
cavities, where they remain imjirisoiied during the whole* 
life ofc the plant out of gll contact with'pther licjuid food 
materials. 

“ Latex vessels, howcYcr, are far from Ix-ing closed vessels. 
They form a contihuous n(#tuork in wjliich the meshes are all 
iutert^onnected. Further, the quaftitity of latex varies ver>' 
considerably at different times, and this is a most unusual . 
occurrence if the latex be regarded as an excretionar>’ 
product."* 

If the IfiitQX were an excretion, then it could be removed 
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without causing ' injury to the pfant. To answer this 
question Vernet completely severed the latex \*esselj from 
a Hevea tree and found that it entirely lost Its leaves and 
therefore suffered from the treatment. The lat/x cannot 
therefore be an excretion whose presence is 'immaterial to 
the plant. ♦ • 

Having tlms shown that latex is not an excretion Vernet 
definitely asserts that tlie latex a.s, a wj^ote is a food* 
indispensal)le to the life of the tree, and ^confirms his 
evidence b> analogy, chemical composition and ^d'fects of 
tapping. 

Analogy. — TIk' laticiferous vesseds are morjihologically 
very similar to sieve tubes which are the recognized organs for 
nutrition and circulation in all jilants. The vessels are more 
numeious near tlie generative or cambium layer, just wdiere 
one would expect tlie nutritive function to be most necessary, 
and are found in all stages of tlie jilant’s existence, even 
in the embryo of the .seed and the \oimg germinating 
plant. 

Chemical Composition.— The latex besides containing 
waiter and rubber contains also sugars and proteins, i.c. 
materials indisjiensable to the nutrition of ])lants. 

Tapping.— The rate of increase in girth of a tree w^hich 
follows upon ta])p.ing is less than normal, but becomes more 
than normal when tajijiing ceases. The seeds also lose in 
w'cight after tapping. All the above facts go to show that 
the formation of latex is a continuous function of a plant’s 
life-history. The flow' is not continuous, and after tapping 
^naturally slackens down, thus jiromotiiig coagulation of 
wdiat is left on tjic wounds and S 4 ) 'stopping the process of 
bleeding. The latex thus serves a protective function in 
addition to that of nutrition. 

Rubber-bearing .3pecies. — ^The number of plants 
w^hich ^deld a rubber edntaining latex is veiw’ great, and 
belongs to four natural orders— Euphorbiacese, Artocarpeae, 
Apocynacere and Asclepiadeae. The plants var>^ con- 
siderably in size ; some are herbaceous and contaki latex in 
their roots or stems, wEile others are climbers or^ vines and 
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yield latex from the branches. Others, again, are shiubs ; 
but tl^ bulk from which th^*rubber of commerce is obtained 
are forest trees of consiSeiable size. 

The trgc uliicli gives the best rubber is Hcvca Brazilicnsis, 
which grows \fild in the basin of the Amazon, Brazil. The 
tree is the most iiTijfortant of llie order Ihiidiorbiacem, 
grows to a heigjit of 50 to 65 feet, and the trunk attains a 
tliameter of bo»to 70* inches. Rubber was first discovered 
from this tree, and the method of ta])])ing and coagulating 
the late>; has remained unchanged even up to the ])resent 
day in its native liabitat. The ta])])ing consists in forming 
an incision on the tret* aliont 6 feet from the ground and 
collecting into cups the latex which immediately oozes out. 
This is then jioured in a thin stream on the hat ])art of a 
paddle, which is rotated on a smoky fire. In this v\a> the 
latex coagulates at once, and forms a layer on the paddle, 
and whey by continual rolling and pouring of latex the 
layers reach a weight of, say, 20 lbs. the rubber is branded 
and sold as “ Fine Para.” This still obtains the best ])rice. 
The number of Hevea trees in the Amazon valley is estimated 
at 200 million, of which a half are being tapped. Other 
species from which rubber is obtained are — Castilloa and 
Manihot trees and Guayule shrubs, all in South and Central 
America, where the method of collection and coagulation is 
practically the same in all these ca.ses. 

In Africa the rubber-yielding plants belong mainly to 
the order Apocynacese, and include trees like Funtumia as 
well as shrubs, creepers and plants with rhizomes. I£ach 
of these species of plant requires its own method of treatment 
for the winning of the* i»ubber latex, but* all the methods 
are unfortunately crude and have been adopted with no 
eye for the future either of the plant or the Rubber 
industr}’. ' • . * 

Th^ rubber from thfe herbaceous plants is obtained by 
dr}ung the roots in the sun, cutting them into small pieces 
and chipping off the bark by striking with a mallet. The 
pieces of bark are next tjeated in the same manner and the 
latex which issues from the tissues allowed to dry into 
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masses. These are cut’ up, purified by putting into several 

changes of boiling water, and iKen massed into ‘feheel^. In 
the case of creepers, the stems aie cut into pieces and the 
latex which exudes from the cut ends collected #in a hole 
dug in the ground. ^ * 

In Asia the natural rubber plants* differ entirely from 
those in America and Africa in that they yiejd very resinous 
rubbers. In fact, very few rubber trecis maytbcf said to exist 
here, although climate and soil a])pear quite a])propriate to 
the Hevea ty])e of plant. This being so, attempts w/jre made 
some thirty or forty years ago to cultivate the ordinary 
rubber ])lants in this portion of the gldbe. Hevea Braziliensis 
being the plant which yields the best rubber, was chosen as 
the best ty])e of plant to introduce, and extensive plantations 
were laid dowai. ]\Iany difiiculties w'ere encountered, one 
very important one being that the seeds quickly lost their 
germinating power and had therefore to be planted and 
allowed to germinate during the voyage. The trees also do 
not give a profitable yield of rubber till they are more than 
five years old, so that the risk attending failure was great. 
The yields, however, increase as the plants grow* older and 
may reach 3J to 4J lbs. per annum. Attempts have also 
been made to cultivate Manihot Glazovii as this lends itself 
to an easy methed of cultivation, but although the rubber 
obtained from it is good, the yield is poor, not exceeding 
18 ozs. per annum. In spite of i)reliniinary setbacks the 
plantations have been a great success and many millions of 
capital have been sunk in them. ^The number of Hevea 
plantation trees was estimated at 60 millions some years ago, 
and the weight bf rubber produced in igii, 14,000 tons as 
compared with 38,000 tons from the Amazon ; but in 1919 
some 320,000 tons of rubber w^as the actual w^orld’s consump- 
tion, showing the ver>^ rapid dev^lopmenl in the plantation 
industiy wdthin the last decade, llie United States •ehow^s 
an average annual increase of 277 per cent, during this 
period. The output from Brazil has fluctuated from 
42,000 to 26,750 tons per annum, and wild rubb^jr has not 
exceeded 30,000 tons per annum. • 
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The following table shows the rate of increase in the 

world rub*ber product jpn ^.firing the last three years : — 



r*om plantaHim 

1 Other sources 

Total 

1 AMTa^r prue p 


(long^tous) 

ton^1 

(loUf4 tons) 

' 11) 111 Loiuldu 

— 

1016 

• 

152.650 

I 

H • 

48,q.|H 

2t) 1,598 

j 2S Ojrf 

1917 

213,020 

! 52.62S 

2 () 5,()98 

2>. *) ld . 

I()i8 

2 yo,o 5 (^ 

• 

; 40,029 

241.570 

\ 2 ^ 3 P/. 


and this shows at* once tlic growing importance of plantation 
rubber in the world’s market. 

The ])lantatioii in Malaya alone produced 177,000 tons 
in 1919, while the Netherlands Indies produced some 76,000 
tons. The area under plantation is estimated at 2,760,000 
acres of which only 2,000,000 are of bearing age. In 1920 
the consumption is estimated at 350,000 tons, with an over- 
production of 34,000 tons, and with a steady increase in 
plantation output it is anticipated that the iigure for 1924 
will be 640,000 tons. 

By far the greatest consumer of the world’s rubber is the 
United vStates, and the following table shows that nearly 
three-fourths of the world’s production is manufactured in 
that country. Great Britain, which virtually commands 
^1 the plantation areas, comes second, usiyg only one-tenth 
of the world’s supply. 


Consumn 

Population. 

Rubber 

consumed 

P. r ( cut . ' 

Pioduclive 

value 

United States 

Great Britain 

. - . 

92,«»oo,or)0 

45,006,000 

(lOllb) 

177,088 

'^9 0 

C 

177,000,000 

25,983 

10 2 

26,000,000 

France . . . . 

40,000,000 

17,000 

0 7 

1 7,000,000 

Italy . . 

35,000,000 

9,000 

3 5 

9,000,000 

Russia . . . , 

1 74,o(X),ooo 

7,500 

3 0 ' 

7,000,000 

Canada . . , 

7,000^00 

, 6,28f 

2 7 

6,300,000 

Scandinavia . . . . 

— 

’ ^323 

• I ‘9 

4,500,000 

Japan*»nd Australia . . 1 

* — 

4,500 

I 8 

3,oci),ooo 

Germany and Austria ' 

1 17,000,000 

3,000 

1-2 

— 
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Tappi^w I 

The methods for tap])in^ tlie rubber* have ftndergone 
considerable changes during the ten years in wliich systematic 
production in tlie Ihist lias been con^ii^tc^. Daily tapping 
was felt to be too great a strain upon the tree, and thus 
many estates adopted tapjiing on alj.ern?lfe days, and on 
some a three-day jieriod was adopted. The lumber of cuts 
per day were also altered until mo.st estfttt^s, attracted by 
the good yields, considered that two superimpo.scd cuts on 
one-(iuarter of the tree were not too*niuch, but lately, owing 
to the war and a desire to restrict jiroduction, one cut per 
day on one-cpiarter has come more into vogue. There is no 
doubt that a conservative method of daily tajiping will 
prolong the available life of the tree and give ample time for 
bark renewal. The cuts should be sufficiently close to take 
up not more than an inch of bark ])er 22 cuts. * 


Physic.al and Chemicat, Properties of Latex 

Physical Properties.— The latex of a rubber tree is a 
white or pale yellow milky liquid, varying in consistency 
according to the rubber it contains. It stains the hands 
black, develops an odour of methylamine on standing and 
has an alkaline reaction. Its specific gravity ranges from 
*905 to I ’041, the average being about i'0i8, corresponding 
to a rubber content of about 32 per cent. Speaking 
generally, the lower the specific graVit}’ the greater the per- 
centage of rubheV, and tables hate been drawn up from 
which the rubber content is obtained directly by referring 
to the gravit}’ at a definite temperature. The “ metrolax " 
gives the percentage sof rybber tlie lahex as shown by its 
graviU’. ’ * • ^ 

The rubber in tlie latex exists in the form of nearly 
spherical globules, having^ an average diameter of one- 
thousandth of a millimetre, and when observed* under the 
high power of a microscope exhibit the well-known Brownian 
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movement*. The movement is very kregufar, and emeipalo- 
graph Jilm^ show that the '{)*ith traced out by each particle 
is a long one. The efi?c1iof the addition of chemicals has 
been studied. Soda has but little ehect on it. Acetic acid 
completely hokls up the movement even before coagulation 
sets in. A 20 per cent, solution of sodium chloride arrests 
the movement ^completely, and the number of juirticles 
*counted undt^r *lfiesc •conditions amounts to 50 million per 
cubic millimetre. Salt has been used as a coagulant in Ivast 
Africa. , * * 

Direct experiment has shown that the rubber content of 
latex varies with the Irtaght from which the tree is tapped, 
and also with the age of the tree. Thus from a Ficus plant 
7 ft. 4I ins. high Adriani found — 

At 12 ins. latex contained 25 per cent, rubber 
,, 5 ft. 6 ins. ,, 24 

, «6 ft. 10 ins. ,, ,, 20 

the top ,, ,, 17 

At 6 > ears the latex of a Oastilloa tree contains 20 rubber 

.. 7 .. 27 % „ 

S „ „ „ 2() % „ 

„ 9 .. .. .. .. 

0 

Chemical Properties.— An average chemical composition 
of the latex of a full-grown Hevea tree show s that it contains — 


Water . . 

• • 55-0 

Rubber . . 

., 4i() 

Sugars . .^ 

*8 

Albuminoids . . 

.. 2-§ 

Mineral Matter 

■4 


100 0 


In addition, small , quantities '■ of oxidases, resins and 
sulphates are present. On standing, coagulation takes 
place, and the rubber separates as a colloid and leaves a 
clear serum. Hevea latex is alkaline in reaction as it issues 
from the tree, but becomes acid after a little time, owing 
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probably to fermentation of the sugflrs present. . The latex 
becomes acid in very much the^me way as milk sours, and 
coagulation then takes place und^r the influence of tfie acid 
formed. Most other latices are, however, add as tc^)ped. 

Latex can be kept without alteration foj about twelve 
hours. Beyond this, watering or tht addition of chemicals 
is necessar}' to prevent chemical change taking ])lace. 

Concentrated acetic acid, formic acid* citric acid, and 

• ( 

other strong organic acids bring about coagulation ver\' 
rapidly. The globules join up, forming ‘chains similar to 
streptococci ; tliey swell to twice their volume and then 
separate out together as a coagiilum 

Acetic acid is the usual coagulant employed in plantation 
areas, but citric and formic acids are also used, Hydror 
chloric acid is a very powerful coagulant, a current of gas 
producing coagulation almost at once, and rubbers wliicli 
are inclined to be tacky lose this tendency by this treatment. 
If the treatment is prolonged chemical action proceeds 
further. The rubber hardens and turns to a mass resembling 
ebonite. Carbon dioxide is also an excellent coagulant and 
no doubt is the active agent in the out-of-date smoke 
coagulation still carried out in the Amazon. 

The threatened shortage of acetic acid in the plantations 
has caused attention to be given to natural or spontaneoits 
coagulation, and the method introduced by Maude and Cross 
— the so-called M.C.T. process — in which separation of 
rubber from latex is allowed to take place under the anaerobic 
conditions produced by the carbon dioxide, has been com- 
* niented on ver>^ favourably, and i^ said to yield a rubber 
which in its degij-ee of uniformity^ is superior to any, other 
form of plantation rubber. 

Sodium chloride, mercuric chloride and phenol precipitate 
rubber from its latex, and all protein precipitants behave 
towards latex as coagulants. Formajdehyde, ver>' curiously, 
has lifUe action even when heated. The author suggested 
acid sulphate of soda as a coagulant during the war. 

The carbohydrates and glucosides which occur in the 
serum of rubber latex have received'a great deal of attention, 
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and the f^rpseiice of thel^gHg group, or mukiples of it, which 
has been definitely establishe<j in them, points to the fact that 
rubber is ver>^ probabl)^ el^aborated by the plant from these 
sugars. • • 

The work Aime Girard in this connection is worthy of 
mention. Working j^vith the serum of fresh laticcs he 
obtained coloured masses after evaporation, and these on 
extraction with* Alcoljol produced white colourless crystals 
which he cMled Dambonite. This compound has the 
empirical fornuflif QHgOg, melts at i()o'' C. and volatilizes 
at about* 210°, forming long needles. It does not reduce 
Imhling’s solution nor undergo alcoholic or kictic fermenta- 
tion. It is attacked by strong acids (HI) with the formation 
of methyl iodide and a neutral substance having a sweet 
taste, a fine crystalline structure and the com])osition of a 
dehydrated glucose. This substance he called Dambose. 

Similar sugars were obtained from the laticcs of other 
rubber p*iants, and lastly, in 1911, Pickles and Whitfield 
succeeded in proving the presence of dambonite in Hevea 
latex. 

The presence of sugars in the latices of all rubbers thus 
strengthens the belief that rubber is a sugar derivative. 

The mineral salts in rubber latex are very small in 
dmount and have the normal composition, K, Ca, Mg, and Na 
salts having been identified. Oxalates have also been found. 
Acidity is usually very small. The resins present are 
separated b}' extraction with alcohol or acetone, but very 
little is known about them. They are optically active and 
are precipitated with rifober on coagulation. In some plants ’« 
the percentage of resiirds greater than that of rubber, and 
their extraction from the latex before instead of after coagula- 
tion would produce a better qualit\' rubber. 

All latices examined have shown the jiresence of proteins, 
and these differ from ordinary jiroceins in being very slowly 
and incompletely precipitated when heated. The proteins 
behave normally with all alkaloidal prccipitants and protein 
coagulants, and experiment has shown that coagulation of 
latex is really a coagulation of proteins and not of rubber 
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itself. This question, .in fact, involves that of tlie"" presence 
of rubber as such in the latex, i^icl Preyer, Webei, and others 
have shown that rubber sci)aratc(^ ffbiii latex by a centrifuge 
is not precipitated by coagulants. Furttier, th? addition 
of ether to latex does not extract a solid h;^'drocarbon, but 
on evaporation of the ether a thick oiUs fh-st ' obtained which 
only after some time solidifies to pure rubber. 

The coagulated latex after washing i^ marketed in the 
form of crepe or smoked sheet. Bisulphite of^oda is usually 
added to produce a pale coloured crejie* •Various devices 
arc used for recovering the scrap rubber adhering to the 
trees, which appears on the mari:et as bark scrap and 
“ compo." 

The drying and smoking of the sheets have to be carefully 
attended to so as to ensure uniformit}’ and freedom from 
spots or discoloration, which detract from the value of the 
linished sheet. 


Chemical and Physical Proi’Ertiils and Testing of 
Rubber 

Chemical Properties and Composition.— Before ex- 
amining the chemicalP])roperties, the jiurity of the rubber 
must be established. Resins, jirotein, etc., must be removed, 
and when this is done the (luestion still remains as to whether 
the product obtained is a simple substance. Unfortunately, 
rubber has no definite melting jioint, neither have any of 
its derivatives with the possible exception of the ozonides 
obtained by Harries. • 

Neglecting these preliminary handicaps and proceeding 
as with other organic substances one finds that carbon and 
hydrogen are alone present, and that the empirical formula 
corresponds \\'ith The molecular weight has not been 

determined with certainty, as, like ^11 colloid substances, it 
has no osmotic pressure in solution, and freezing-poinl and 
boiling-point methods are useless. The rubber molecule is 
no doubt a large one, and its formation is due to^ the imion 
of nuclei of 5 to 10 carbon atoms. * According to Bary and 
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Weidert vti^canization is*tlic addition of one^toin of sulphur 
at each end i)f a chain of Cf(JHiQ nuclei; thus (C]oHi6),iS2 ; 
and as 2 '5 per cent, is amount of suljiliur required to 
bring thi^ about* it follows that the figure for {CioHk;)^, 
must correspond to about 2500. This, however, does not 
agree* with the \mf)Iet^ikir weight of two derivatives— the 
ozonide and the nitrosite, which contain 10 and 20 carbon 
a 4 :oins respectjvej)*, and as there is no reason why the 
parent substa^ice should contain any more, it is very 
probable that thi^ Also contains the same number of carbon 
atoms. 

The rubber molecule v^tlms an unsaturaied lu'drocarbon, 
but the most satisfactory jiroof of the presence of un.saturated 
linkages is obtained from the work ol Harries, who apjilied 
his method of ozonization jireviously used to settle the 
formulae of oleic acid and other unsaUiratcd compounds. 
When ozone is passed into a chloroform solution of pure 
rubber an ex])losive oil is obtained which solidifies in vacuo 
and melts at 50'' C., and the molecular weight of this com- 
])Ound corresjmnds to But jiievious investiga- 

tions have shown that each three atoms of oxygen are 
attached to one double bond, hence there can only be twn 
such linkages for every ten carbon >itoms. More recent 
wdrk has shown that rubber in a similar inanner gives a 
diozonide. 

Having established the tiresence of twn double bonds, 
Harries set about to determine their position in the molecule. 
This he did by hydrob’siiig the ozonide with steam and 
examining the product obtained. By this means he wns 
able to^ show' that the •ozonide on hydfglysis produced 
hydrogen peroxide and laevulinic aldehyde, and the latter 

then oxidizes to laevulinic acid. Thus — 

% 

• Aljebyd!*. 

Cv)Hi60c+H20-2(CH3.C0.CH?.CHyCH0)-|-H20.^ 
CH3.CO. (CHo) 2.CHO T-HoOo CH3.CO. (CH.) o.COOH +H2O 

, .'Vtid. 

The changes take place at the double linkage, thus— 

s. • 2 
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, (i) R,eH=CHRj+ 03 -^S)CH CIJRs 

,■ I 1 . 

( 0 — 0—0 

RiCH CHRj ‘ . , 

RiCHO+RoCHO-l-HsO. 

H— O-H • • • / 


Under certain circumstances pcroxidoc* mav be formed, 
thus- • • 0 


RiCH CHR 

I I 

0 — 0-0 


/*“ 

RiHCC' I +OCHR, 
O 

c 


From tiic ozonide we may therefore obtain — 

Rgevulinic Aldehyde. 
Usevulinic Peroxide. 
Foevulinic Acid. 


To explain these reactions one must regard the ozonide 
molecule as a cyclic one, for if it were a chain molecule, the 
diozonide would give two hydrolysis products ox)’genated 
at only one end of their chains as shown above, (i). 

The formula which ex^Dlains all these reactions is — 


CHg—C CH2-CH2-CH 


/ 

/ 

0 

/ 


\ 

\ 

0 

\ 

0 


i 0 

\ 


/ 


• 

r 

/'O 

'/ 


CH— CH2-CH2-C-CH3 


By the influence of steam thjs' splits up as shown into 
Os ’ 

CHo.CO.CHa.CHs.CHO and | yCH-CHs-CHa-C-CHj 

fV 


Laswlinic aldehyde. 


c. 0-0 

Laevulinic peroxide. 
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It follows, fh^refore, that the original hydrocarbon must have 
the formula— ► ’ 

CH3-C — J;ii,-CH.,-CH 

, *11 II 

. CH-CH0-CH2-C-CH3. 

1. 1’. iV) (ItinrtJlyl cyclo-octadiene l' 5 . 


Tjjis formula furtifv explains the formation of isoprenc and 
dipeuteue, uhioji Are obtained on distillation thus — 


CH3--C CHi -rHo-CH CH3 C CH2-CH 

II * 11 11 II 

CH-CH.,-CH.,-^.CH3 CH2 C— CH3 

1 

I CH 


CII3. /CH-.- CH . 

)c.CH3 4 - 

Dipentene. 


CHo 

CH3V 

^C.CH=CH2 

Isoprptie. 


But isoprene can be polymerized to a product ver}’ similar 
to rubber thus— 


CH3-C CHo 


CH-CH2 


CHo=CH 

1 

j CH2=C-CH3 


(CH3-C CHo-CHs-CH 


CH-CH2— CH2— C-CH3)„ 

Hence the definite decomposition products and deriva- 
tives can be explained by the formula, and this must therefore 
be taken as the correct one for the time being. 

Testing of Rubber.— A chemical analysis of rubber is 
seldom necessary, but is ^e^quired when mechanical tests 
do not ^ive normal figure^. *# 

The fnoisture is determined by drying at a temperafure 
of 90° to 100° F. Resins are extracted with acetone, the 
acetone ev,^porated and the resins dried and weighed. 
Proteins are determined by multiplying the nitrogen content 
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as (jbtained by* the ordinary KjJldahl process* by 6 ’25. 
Matters insoluble in benzent^*or some other* solvent are 
determined and considered scjviritely, even though they 
contain proteins. Mineral matter is detennine(^^b>’ decom- 
posing and burning by means of heat. The sum of these 
impurities as ])eTcc‘ntage subtractl-(i Noul 100 gives the 
rubirer as a difference ligure. 

vSome eliennsts, however, jirefer tp de^vrnvne the rubber 
or caoutchouc by estimating the amount that passes into 
solution. The tests on which one bases the price and there- 
fore the quality of the rubber are, however, all mechanical 
tests, and in recent years a great number, based on new' 
principles, have been suggested and in some cases adopted. 

Unfortunately, the method most commonly jiractised 
consists in nothing more than smelling, seeing if it tears 
when .stretched between two hands or gives wav to a strong 
])Ush of the linger and tlinnib. Thus more c|elinite and 
reliable methods have for a long time been w'anted. 

I'or ])lantation areas the lollowing tests have been 
suggested — 

1. X'iscosity of rubber solutions of definite strength. 

2. Adhesion tests. A solution of rubber is brushed on 
a piece of cloth or strong jiaper and allowed to diy*. The 
dry sheet is next folded and the two surfaces pressed togefher 
and made to adhere. TJie weight required to tear the adher- 
ing surfaces is then determined. 

3. Tensile strength Rubber is pressed into a definite 
shape during cooling or dr} ing and the elongation produced 
by loading weights on one end obtMned. 

PTom the manufacturers’ ppiht of view', the tQsts must 
be somewhat modified in order to meet the various uses to 
which the rubber is to be put. 

The most favouiite is the Tensile test which determines 
th9 breaking stress pf-r unit of cross-sectional area and the 
elongation at rupture. The elongation under constant load 
and the effect of van ing the load below the limit of breaking 
stress are also determined. All these tests lay bare the 
mechanical strength of rubber. 
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To get an idea oi tile resiliency of riiSbcr a different 
series of Jests'has to be perforr^ed, and these tests determine 
the “ Permanent set ” or-* coefficient of resiliency and 
" Sub-perniiyient set.’' The ])crmancnt set is tlie ])ermancnt 
increase in leiigtk alter the full retraction which follows the 
withdrawal of a swes*s. lf*this is measured at deiniite intervals 
before the rubber has had lime to fully retreat we then get 
tlfe sub-perniaHei^ set.* Wiien the elongation obtained b\' 
gradually increasing loads and the retraction by gradually 
decreasing the loais are ])l()tled, an In stcresis curve is 
obtained and the form of a series of such curves is probably 
the best indication of the fpiaht}- of the rubber. 

M.aNri-ACTrRi: 01- Ruimick Artici,i:s 

Before the rubber can be used for inanulactiiring pur- 
poses it nn^st undergo such treatment as will reimwe any 
impurities jireseiit and bring it to a lorm suitable ior the 
particular article required to be made from it. 

The removal of im])urities, which uMuilly consist ol more 
or less foreign matter, such as sand, dirt, bark and moisture, 
is carried out by the jirocess known as “ washing.” For 
this purpose the raw rubber is cut into lum])S or slabs, 
steeped in warm water to render it })hable and remove some 
of the soluble iinjiunties, and then })assed through corrugated 
rollers. A stream of water is kept running on the rubber 
throughout the operation. By the continued sc|ueezing and 
disintegrating action of the rollers, the original liinqis or 
slabs of rubber are converted into thin corrugated sheets, 
and the ^irocess is stoppetl,when the rubbeii is considered 
thin and clean enough. The sheets are next dried on racks 
in a diyniig chamber until the moisture content is o'25-0’5 per 
cent. The diydng chambers cvre steaiii-lniated, but the cooler 
and drje^r the atniospheie is, the bettcT is the ])rodjict 
obtained ; otherwise the rubber is inclined to become 
“ tacky.” The normal drying temperature is 80'' F. and 
the dr>’ing tekes three to four days, if ventilation conditions 
are suitable.^ 
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•When dry and clean the rubber is made to undergo the 
process of Mastication, by which pieans it is cfonv^ed into 
a soft doughy mass. The process is carried out by repeatedly 
passing the rubber between smooth, hollow; fteam-heated 
rollers. After about half an hour’s trptment, the .rubber 
is usually of the required consistency and leady for the next 
process — Mixing. Here the rubber is ancorporated with 
the various other constituents which -are considered necessary 
for the production of the final article. Very few articles are 
made with rubber alone; partly on account of its price, and 
partly owing to its excessive softness and elasticity, so that 
the mixing process is one which ‘must be carried out with 
practically every kind of rubber article manufactured. The 
materials other than rubber and sulphur which are employed 
in commercial mixings may be classified as follows 

(a) “ Chcapcncrs.'' These include such substances as 
powdered chalk, barytes, ground rubber wasto; zinc oxide, 
etc., and are added for no other puq^iose than to cheapen 
the final article. 

(b) Materials added for a definite purpose, such as (i) to 
increase mechanical strength, f' c. toughen or harden the 
goods — c.g. zinc oxide, magnesia (oxide and carbonate), 
lime and litharge. (2) To improve vulcanizing conditions, 
e.g. litharge, magnesia, quicklime, antimony pentasulphide 
or any other polysulphidc. (3) Colouring matter, e.g. zinc 
oxide, zinc sulphide, antimony sulphide (golden and crimson), ' 
mercury sulphide (vermilion), cadmium yellow, chrome 
yellow, chrome green, Prussian blue, etc. 

(c) Oil Substitutes obtained by the action of sulphur 
monochloride'^on vegetable oils' to reduce the specific gravity 
of low-grade goods. 

(d) Reclaimed Rubber to cheapen goods where the addition 
of heavy miner^d matter is nol admissible. 

r The machine in which the miiing is carried out is similar 
m character to the “ Washer,’' being provided with hollow 
rollers through w^hich water or steam can be passed. Before 
the actual addition of the ingredients, the rhbber is first 
“ plasticized ” by passing through the steam-heated rollers. 
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and when the rubber sh(?et is thin enough, the other materials 
are gradual^ added. It is l.he object of the mixer to obtain 
an homogeneous dougl? \vithout overworking the rubber. 
For this py})ose, the dough, while still hot, is passed through 
a calender machine, from which it is turned out in the 
forirf of a sheeti afld l#c^ to a revolving w^ooden roll on wliich 
it is rolled betw'ccn cloth. The “ calender ” consists 
tsscntially of, e^f^erimposed smooth rollers, two or more 
in number, Setw^een which the rubber can be fed. The 
rollers are holloa for steam-heating. 

If the rubber is not intended to be prepared in sheet form, 
the material from the ,niixing rollers may be passed iiito 
moulds or forced through a die, as when solid tyres and some 
forms of tubing are being made. 

Vulcanization 

This process is probably the most ini})ortant that rubber 
has to undergo, and without it, it is doubtful whether any 
rubber industi*}', worthy ot its name, could exist. The 
process consists in incorporating with the rubber, sulphur 
in its natural form, in solution or in combination such as 
polysulphides, and may be carried out by the hot or cold 
processes. 

Hot Vulcanization or Hot Cure.— This process was 
discovered by Good} car in 1839, and is carried out by 
intimately mixing rubber and sulphur by mastication. The 
process is facilitated by dissolving the rubber in naphtha 
and then mixing in sulfhur. The tem])eraturc is raised to 
100^ C. At this tempirature chemical tmion takes place 
between the constituents of the mixture, and vulcanized 
rubber is formed. The whole of the sulphur does not, 
however, combine with fhe rubber, ^ut by prolonging the 
heating at 100'' more ai:^d more ofii enters into combination 
and a ’darker and tougher vulcanized product results.* The 
action between the rubber and the sulphur does not start 
until the, temperature reaches* at least 100° C. Various 
temperatures ranging from C. are used, depending 
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on the form in <vhich the sulphur Is added, bu^ for proper 
vulcanization it is essential tljifc the temperatdre be above 
the melting })oint of sul})liur, 114''. The best results are 
obtained when high ])ressure is used iiT conju^iction with 
high temperature, and this is attained eithiT by wrapping 
tightly with fabric — c". for hose tind "fyr^s — or by using 
an autoclave and injecting live steam. 

Cold Vulcanization. - Tliis ])rocpss w?s discovered by 
Alexander Ihirkes in 1846, and is used more particularly 
for “ proofing ” cloth than for anything else.’ It is unsuitable 
for thick goods. It dejiends on the action of sulphur inono- 
cliloride on rubber. This action is. so violent, even in the 
cold, that the sul])hur inonochloride has to be diluted by 
dissolving in carbon disul])hide before using. The process 
is carried out thus ‘ — the rubber is jilasticized, rolled out into 
a sheet and dissolved in naphtha with which it forms a sort 
of swollen dough. This is then rendered homogeneous b}’ 
being worked between r('lls and s])read upon cloth by 
passing the latter between four seric's of rollers and a 
“ doctor,” which adjusts the thickness of the rubber. The 
solvent is removed by passing over a steam-heated table. 
The rubber-covered cloth is now conveyed to another 
machine ujioii which it is vulcanized by allowing it to unwind 
from one roller to another and making it pass over an inter- 
vening roller which dips into a sulphur monochloride bath. 

The rate of vulcanization varies with the temperature 
and percentage of suli)hur present. The natural proteids 
in the latex favour the cure as their removal retards 
the rate. Inorganic bases, like magnesia, were VQry early 
catalysts introduced to accelerate ,tfie hot cure, and iu recent 
years organic bases have been used as accelerators. Piperidine 
was one of these which was first patented, but later the best 
results have been obt^ineij by the use of aldehyde -ammonia. 

Para-nitroso-dihieth> laniline is another effective pjganic 
basic accelerator, the time for curing a mixture of 100 
parts of rubber and 10 p?rts of sulphur at 140° C. being 
reduced from i hour to 20 minutes when 0*3-0 ’5 cf this base 
is used in the mixture. If this substance be l\eated with 
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sulphur, u;ikno\Mi sulpliur compounds aiV formed, which 
are als(j actK^e accelerators. • Twiss, arguing that the organic 
bases are active because *01 their solubility, claims that 
ordinary caustic fotash dissolved in glycerine may be used 
instead of an o^anic accelerator as a vulcanizing catalyst. 

Peachey iisey stilpkifrclted hydrogen and sulphurous acid 
gas for cold vulcmiizing. 

' Articles Manueactured 

Cut Sheet.—'This is used for tobacco pouches, surgical 
instruments, etc., and is made as follows: Rubber, after 
thorough washing, is iiiasticatcd, and when homogeneous, 
is made into a solid mass and frozen hard. The mass is tlien 
sliced b)' a knife and the sheets vulcanized b}’ the cold process. 

Elastic Thread, for braces, garters, spring-side boots, 
etc., is made either by spreading or by calendering. In the 
“ spreadiiig ” process several coatings of a dough consisting 
of rubber sulphur and naphtha are spread on to sized calico, 
and after dusting with h'rench chalk, the rubber is stripped 
from the cloth, interlined with cloth and bound round a 
drum wRicli is then vulcanized. After vulcanization, the 
rubber is removed from the drum, pasted over with a solution 
of shellac in methylated s])irit, and, wiiile still w'et, wound 
round a roller so as to form a cylinder which dries to a com- 
pact block. The rubber is then ])laced in a cutting lathe 
and the thread cut out to the required gauge. To remove 
excess of sulphur and shellac, the threads are boiled in a 
solution of caustic soda. When made by “calendering," 
the procedure is exactly the same, only one starts with 
calendared sheet instead'of spread sheet. ‘ . 

Tyres. — Solid Tyres, such as cab tyres, omnibus tyres, 
etc., are made by squirting an approj)riate mixture through 
a die in a forcing machine. •The dough- is ])laced in a hopper, 
and li>; the motion of a? screw', pushed through a die, from 
which it comes out as a long thick thread, which is coated 
with French chalk and woimd, on a tray. It is finally 
vulcanized* by the hot process. 

Pneunjatic Tyres. — The inner tubes of pneumatic tyres 
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are usually madb from calendered'^sheet by cu^tmg to the 
desired length, lapping round ^^iiandril and joiAing the ends 
together by means of a strip of juSber and rubber solution. 
Good results are also obtained by squfrting js for solid 
tyres. The tubes are vulcanized with live steam on the 
mandril, and, after vulcanization, •rtinoVe^, and the^ends 
joined up by means of rubber solution. ^ Vulcanization is 
also sometimes done in moulds, col^pse'qf Uie tube bein^ 
prevented by having ammonia or annnoiuum carbonate 
between the walls. The method is carrfeA out in the case 
of playing balls and other hollow articles. 

rneumatic tyre covers are made uj) on a mandril from 
proofed canvas and calendered sheet usually b>' hand and 
vulcanized in moulds in o])cn steam. 

Hose. — This is ])re])ared from calendered sheet, proofed 
canvas and other materials in several wa> s, all more or less 
variations of one another. Thus “ friction ” hose Js made by 
lapping alternate layers of calendered sheet and canvas round 
a long horizontal mandril, ])laced in a wra])])ing machine. 
The same result may be obtained b>' drawing a seamless 
(squirted) tube through a mandril and then lapping over 
with canvas, or by passing simultaneously a “ squirted 
tube and a canvas strip through a machine which folds the 
latter over the tube. 

Buffers, Valves, etc.—vSiniple buffers are made by 
lapping over calendered sheet on a mandril until the requisite 
thickness is obtained and then vulcanizing in moulds. The 
finished article is sometimes made by cutting out of a 
vulcanized cylinder. * 

Belting. — This is made by^ spreading out a suitable 
dough on both sides of proofed canvas and cutting out 
into strips. The strips are joined together until a suitable 
thickness is obtained ;ind vulcanized in a long hydraulic press. 

Heels and Rubber I^ads are ,niade by stamping^out of 
calendered sheet and vulcanizing in moulds. 

Rings.— These are made either by joining together 
tape or cord, or by cutting from a tube on a lathe. 

Ebonite and Vulcanite.— These terms are applied 
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to the product objtaiifed when rubber vulcanized for a 
prolonged Time (six hours*yistead of two) with a ver>^ large 
excess 0^ sulphur or sulpkur-coiitaining material (25-40 per 
cent, in p^ace of* the usual 5-10 per cent.). 

^The material is very hard, relatively non-elastic, but 
capable of be^i^ benf without breaking. It is capable of 
taking a high p^olish, may be turned on a lathe, softened by 
* heat, moulded* and pressed out, and is very indifferent to 
chemical reagents such as alkalis and acids. For this reason 
it finds extensfv? use in chemical factories for pumps, stop- 
cocks, and proof coverings, accumulator cases, etc. 

It is prepared in -a manner very similar to ordinary 
rubber goods, care being required to use the best materials 
]iossible, adding the foreign substances and then thoroughly 
mixing. 

Gutta-percha. — This jirodnct is obtained from various 
Hast Indian trees by felling and ringing the bark at intervals 
of 12-18 ins. A latex oozes out which soon coagulates. 
This is then boiled, washed with hot water, strained, masti- 
cated between rollers and sheeted. Chemical cleansing with 
caustic alkalis or bleaching powder is sometimes used, and, 
when used for making a certain class of goods such as golf 
balls, etc., the resin which is present is extracted by treat- 
ment with petroleum spirit which leaves the gutta unaffected. 

Gutta-percha proper is closely allied to caoutchouc, the 
active ingredient of ordinary rubber, but it is not identical 
with it. In ph)’sical properties it has very little resemblance 
to rubber. It has not the same elasticity, on warming 
becomes very plastic, and when pressed gives even the finest 
relief work in exact derail. 

Under ordinaiy^ conditions, gutta-percha is hard but not 
brittle, forms an excellent insulator, and for this reason 
finds extensive use in submarine, cables, being very resistant 
to jliigh-water pressures. * 

Waste Rubber. — A very large quantity of scrap “rubber 
is collected annually. The greater part is washed and 
ground up finely and used as a filler in low-grade goods, but 
the rest is reclaimed and used just like raw rubber. Various 
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processes are employed for effecting tlje reclaimtion, the 

most important being — ♦ ^ ^ 

1. Washing to remove all dirt* * 

2. Treatment with alkalis and acids to'remov^'fibre and 
metal particles. 

3. Treatment with thiosulphate, “ sulphites, etc,, to 

remove any uncombined sulphur and as far as possible 
devulcanize the rubber. , * i 


RruBKR wSubstitutks 

Owing to the high jirice which is, jiaid for rubber, many 
attempts have been made to find substitutes which would 
not only resemble it but be cheai)er to i)roduce. The 
chief of these substitutes is that obtained from drying oils 
such as linseed, wiiich is, of course, known to give an 
elastic film when it “ dries." 

f 

When linseed oil is treated with sulphur (sulj)hur mono- 
chloride) or antimony sulphide, an elastic mass is ]) reduced 
which varies in colour according to the process used. These 
elastic masses are used as cheapening additions to raw 
rubber. 

Other substitutes are obtained by heating together rape 
oil with sulphur, and eastor oil w ith sulphur monochloride.' 

Mixtures of glue, gelatine, glycerine, oils, etc., after 
treatment with tannic acid, chromates, formaldehyde, have 
been used as substitutes for rubber. 

In spite of all the w^ork that has been done, no rubber 
substitute which can be used by itself, i.e. without any 
addition of rubber,' is on the market.*' 


vSeeds and their OiLvS 

w % 

A mature Hevea tree will prodvee on an avera^e^five 
hundred seeds per year, and as all these cannot under any 
circumstances be planted it is evident that a very large 
quantity of seeds must become available for commercial 
purposes every year. 
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The seeds must collected, decorticated and dried 
before jpeing transported, sh that the question arises as to 
the commercial value of yie oils from the seeds and the 
meal cake ^:)roduded after the oil is pressed out from them. 
The collection js to a certain extent compulsors’, as under- 
growth and ror^eitt li/c* must be reduced to a minimum ; 
decortication is necessary, as there is no other use for the 
shells, which, wr^^h more than half the kernel, other than 
locally as fuel. Hence the value of the seed depends 
entirely on its oA And oil cake. 

The fresh seed consists of about one-third shell and two- 
thirds kernel. 




Jk'vca r.ike '■flrr 

expression of oil 

C.oinpoMtion of c.ik' 
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(k»'iu<. 1 
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. ()-I 
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• • ^ 3'36 

Ash 
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•• 5-19 

Fibre . . 
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Fibre 

5 ’00 

Oil •.. 

, 36-1 

Oil 

b’oo 

Proteins 

. i8-2 

Proteins 

. . 26 81 

Carbohydrates 

20-67 

Carbohydrate 

s . . 43 64 


3 00 00 


100*00 


It is evident, therefore, that the kernels contain about 
one-third their w^eight of oil. 

* The oil is clear, light yellow in colour, and on saponiiica- 
tion with soda yields a soft soap. It has been stated that 
it can be used for the preparation of varnishes, and further 
investigations have shown that it is suitable as a substitute 
for linseed and similar drying oils. Tittle seems to have 
been done on the lines t)f utilizing this oil, owing probably 
to high cost of seed collection and the fhet that it would 
have to compete with other oils on the market ; but, given 
local seed pressing machinery, there seems to be no reason 
why this source of wealth should remain undeveloped. vSee 
further, p. 56. , w • 

Ceara Rubber Seeds. — These are small hard seeds 
weighing about 53 gms. per 100.^ They are difficult to shell, 
mincing pt-^ocesses giving only 45 per cent, kernel. The shell so 
obtained is unsuitable for cattle feeding imless finely ground. 
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The oil amounts to 35 per cent/of the kernel, *'but only 
15 per cent on the whole seed, has a light yellow colour, 
agreeable odour and taste and resnnUes linseed oil in having 
a high iodine value, drying quickly and giving a t(^ugh elastic 
skin very white in colour. On boiling it^ becomes very 
viscous and forms a transparent gelathious ^n^ss when treated 
with sulphur cliloride. 

Funtumia elastica. —These are ^ sni^ilj pointed seeds 
with husks thin and soft. One hundred seeds weigh about 
5 grams. The oil is very dark in colouf *and amounts to 
33, per cent, on the seed. Ordinaiy^ decolorizing agents 
have little effect on it. It froths oi\ boiling and has a bitter 
odour and taste, and deposits mucilaginous matter accom- 
panied by stcarine in cold weather. It has the properties 
of a dr>dng oil, but gives a tacky film. On heating it darkens 
in colour, and forms a viscous liquid similar to linseed oil 
freshly extracted. Treatment uith sulidiur chlqride gave 
an elastic but sticky substance. 

The physical and chemical properties of these oils com- 
pared with linseed and Hevea oils are given below : — 



Coara. 

Fitnliiinia. 

Ilevca. 

Linseed. 

Weight oi loo seeds . . 

53‘2 

4*8 
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— 

Oil content of kernel . . 
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— 
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— 
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31 -0-33 -o* 
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Sp.gr 
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0-9258 
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Refractive index {15® C.) 
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1-4788 

. — 
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Relative viscosity 
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14*3 

— 
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Iodine value 
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0 138-0 

138-7 

i8o°-200° 

Saponification value . . 
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185 0 
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Acid value 

0C25 

2-65 

5*26 
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Hehner value . . 

95*1 

94*0 

. — 

94*81-95*5 

Reichert-Meissl 
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Liquid fatty acids , . . 
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Fat-Free 
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Phosphoric acid 
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]^Vseasksj and Pests 

> ^ 

The fi^goid diseases 6 i Hevea have been carefully 
studied botJ|i in Ce}’loii and in ]\Ialaya, and many of them 
seein^to be ider^tical. From time to time certain of these 

• • . j 

diseases become ^iiore \^irulent and attract greater attention, 
but on most est^iites the treatment is known, and a sharp 
look-out is k(^t nvhick makes tlie mortality from fungoid 
diseases not a serious factor. The root diseases are those 
which arc, chiefly to be feared, as in many of them the 
mycelium travels through the soil and thus spreads tl>e 
disease from tree to tree. Isolation by digging a trench 
round the tree and the excision of all the infected roots 
with subsequent burning is the treatment in the early 
stages. The roots of neighbouring trees should, however, 
be examined to be sure that the fungus has not reached them. 
The comufton root diseases are due to Fomes lignosus 
(formerly, semitostus), Vstulina zonata (which originally 
was studied in its ravages on tea), Foria hypolatcria (known 
as hypobrunnea in Ceylon), Sphacrostilbc repens and Hymeno- 
chacte ncxia or brown root disease. Diseases affecting the 
bark and leaf surface are more easily detected. In districts 
wi^i a heavy rainfall, Pink disease, caused by Corticium 
Salmonicolon , appears on the underside of the bark of the 
stem and branches of the Hevea. This fungus also grows 
on most tropical plants and has caused trouble on coffee, 
tea, cinchona and other plantations. 


Synt&etic Rubber 

Synthetic rubbers have been prepared in the laboratory 
by the polymerization of tmsaturated hydrocarbons. This 
change is hastened by catalysts.' Jis far back as i860, 
Grevilfe* Williams noticed that isoprene which he obtalhed 
by distillmg rubber, reverted back into a viscous solid on 
keeping, and in 1879 BouchardatTound that in presence of 
hydrochloric acid, the same condensation took place more 
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rapidly. Piperylene, an isomer *,0! isoprene,* behaves 
similarly. Tilden found that nitrosyl* chlorid^ also acted 
as a catalyst in polymerizing* ijojirene to rubber, * and in 
1892 showed that this vSynthetic rubber could be ^fulcanized. 
About the same time. Couturier proved that ^ipropylene 
similarly polymerized by heat tv, a fcolid rubber,* and 
Matthews, in 1910, patented the use of sodium for bringing 
about the ])olymcrization of butadiene (trythrene) and iti> 
homologues. In this way, 20 parts of is(fprene, mixed 
with I part of sodium, in the cold becomes solid, and any 
unchanged liquid can be distilled off or extracted* by a suit- 
atle solvent. Harries confirmed this useful catalytic 
property of sodium on these unsaturated hydrocarbons, 
and more recently, acetic anhydride at 150'^ has been 
patented for the conversion of isoprene to rubber, and 
even small quantities of acid or sulphur promote the con- 
densation when heated with the hydrocarbon. Oxygen 
carriers, sodium or zinc ethyl and colloidal metals are 
also the subject of other processes for bringing about this 
change. 

Ostromyslenski, in Russia, during the war suggested 
that isoprene could be catalytically converted first into 
j3-myrcene, and that this new hydrocarbon could be finally 
condensed to caoutchouc, having all the properties of P&ra 
rubber. 

Much further study is required as to the yields obtained 
by these various processes before one can predict which is 
likely to be economically successful. 

The source of the parent isopKne or other imsaturated 
hydrocarbon ayd cost price of theisame has also to be con- 
sidered before one can arrive at any measure of the future 
possible competition between synthetic caoutchouc and that 
obtained from plantations. Tljese parent hydrocarbons are 
now obtainable by tiie*removal of ^water by passing ketones 
or "alcohols over suitable dehydrating catalysts.* Thus, 
starting with dihydroxymethyl butane one can obtain the 
corresponding ketone and finally isoprene by usjpg, accord- 
ing to one patent, aluminium silicate as the catalyst at 
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a temperatiire between ^400° and 600° under diiiiiiiiblied 
pressure^ ^ ^ 

CH 20 H.CH(CH 3 ).QI 0 H.CH*j- 20 Ho-CHo C(CIl3).CH CIL> 

If an ester lit:e the acetate of methyl butcnol be healed with 
alumifia under dimmish^ i pressure to 400'', acetic acid and 
isoprene arc formed. 

• CH3.C(CH|).(gCOCH3)CH:CHo 

=CH3.C(X)H+CH^ : C(CII 3 ).C 1 I . CIX 

Ostromyslei^iski s*ta*rts from acetaldehyde and an alcohol 
with a catalytic dehydrating agent, such as ])recipitated 
alumina which owes its •aetivit\^ to traces of basic salts, 
thus — 

CH3.CHO+CH3 CH4')H=:2lIoO+CH> • CTI CH CH. 

I i> I hii II' 

CH3.CHO + (CH3)2CIlun=2H2()-FCIl(CJl,) CII CH CH. 

I’lpl i> l( lU 

The best yields seem to be not more than jO-iH per cent, of 
the pure hydrocarbon. 

These syntheses ol the butadienes thus put the parent 
material a stage further back to the alcohol or ketone, and 
it is still doubtful whether these can be obtamed com- 
mercially say, from starch, by fermentation or by a synthesis 
froiA carbide at such yields and at a price which w'ould enable 
an industrial development to follows 
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Pat^t IL— drying oils 

The class of oils which the paint and varnish maker uses show 
the property of drying ” in the air. The drying of a lilni 
of paint or varnish depends primarily on the nature of the 
vehicle. The difference, can be shown by an experiment 
whereby plates of glass are coated respectively with water, 
lietrol, kerosene or paralhii and linseed oil. After several 
days’ exposure tl^^ petrol and water will have evaporated, 
while the plate coated with kerosene will be found to be 
greasy an^ almost unchanged. The linseed oil coating will 
have become tacky and will linally set to a tough varnish- 
like film. Linseed oil is a typical drying oil. Some oils, 
c.g. olive oil and castor oil, will behave like the parafiin 
layer and are non-drying oils. Semi-drying oils will become 
tacky very slowly and may, on ])rolonged exposure, yield 
flexible films. This property of drying can be accelerated 
by incorporation of “ driers,” to which fuller reference will 
be made later. In spite of the vast quantities of linseed 
and other drying oils handled annually the changes occurring 
during the “ drying ” are not fully understood. Un- 
doubtedly linseed oil is the most important member of its 
class, and its general properties may be considered typical. 
It contains the glycerides^J unsaturated acids of the aliphatic 
series, with i8 carbon atoms in an open chain. It is of 
interest to record that no drying oil of vegetable origin is 
known derived from an acid containing less than i8 carbon 
atoms in the molecule, (isanic acM C14H20O2 is perhaps 
an exception). The majority are opeii-cham compounds 
with the exception of the oils^ from chaulmoogra seeds 
(BarrowcUfI and Powvr, /. Chem. Soc., 1907, 201, 577). 
As glycerides they are saponifiable and are “ fatty ” oils in 
35 
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contradistinction to mineral oils, vfeiicti are unpponifiable. 
They may also be termed fixed' oilj, in that they c^not be 
volatilized under atmospheric pressure withoi^t decom- 
position. The drying oils of animal origin (me^aden and 
Japanese fish oil) contain the glyceride of cliipanodonic acid, 
^18^2802. whilst the liver oils of certain ^embers of the 
shark family contains spinacene, a highly unsaturated 
hydrocarbon (Chapman, J. Chcm. Soc., iii, 56). Vc 

IS possible that this substance is identical with squalene, also 
present in shark oil (Tsujimoto, J. Ind. En^. Chcm., 1916, 8, 

S« 9 ). 

One characteristic difference between animal and vege- 
table oils, including drying oils of animal and vegetable 
origin, lies primarily in the presence of cholesterol, C27H45OH 
(an alcohol), which is a component of the well-known lanolin ; 
whereas vegetable oils contain i)hytostcrol (an alcohol of 
the same formula), which is distinguishable .under the 
microscope and yields an acetate with a melting point 
different to that obtained from cholesterol. 

Genuine linseed oil is essentially a mixture of the tri- 
glycerides of linolenic, linolic, and oleic acids, together with 
small quantities of glycerides of saturated aliphatic acids, 
palmitic, stearic, and possibly myristic acids. The glycerides 
are mixed glycerides of varying composition depending on 
the source of origin and on the maturity of ^ the seed from 
which the oil has been expressed. The amount of saturated 
glycerides is small, but their presence in hnseed oil is a factor 
for consideration in any varnish process. 

Friend, “ Chemistry of Linseed Oil,” 1917, p. 64, sum- 
marizing the evidence up to date, states the percentage 
composition as follows : — 

Saturated organic acids . . ■ . . 10 *0 10 'o 

Oleic acid . . , . ‘ . . . . 5*0 5’0 

‘ Tinolic acid .. .. 483 59 'i 

I^inolenic acids 32 T 21*3 

Glyceryl radicle (CsH's) . . 4-6 4*6 


100*0 


Total . . 100*0 
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Fahrion^(Z. ang(^w.iChcmic., 1910, 2j* 722 and 1106) 

gives a ^lightly different composition : — 

• § 

Unsa^onifiable matter* . . . . O'G per cent. 

vSatnra^d fat^y acids . . . . 8'6 ,, 

Oleic acid . . .. .. .. 15-20 

lyiiiolic acid • .. .. 30 

Ivinolenic adds 38 ,, ^ 

• The most^ injportant component of linseed oil is the 
glyceride of linolenic acid, C17H29COOH, or 
CH3CH2.CH -C«I?CHo.CH -CH.CHo.CH -CH(CH2) 7COOH 
(Goldsobel, J. Russ. Phys. Chcm. Soc., 1906, 190^ ; 

1910, 72, 55 ; Erdmann* and Raspe, Bcr.^, 1909, .^3, 1334 ; 
Erdmann and Bedford, Bcr., 1909, ^2, 1324.) 

Stearic acid is a saturated acid possessing the formula 
CH3(CH2)i6COOH. 

Eiuolenic acid is stated to occur in two forms in linseed oil, 
as glycerides of a and j 34 inolenic acid (Erdmann and Bedford, 
loc. cit.). From the work of Erdmann and his collaborators 
linolenic acid maybe taken as containing three double linkages 
as shown above. From the general i)roperties of such a con- 
figuration it is to be expected that the oxidation of linolenic 
acid will proceed in stages, whereby a molecule of oxygen 
becomes attached where there is a double linkage. This 
gradual absorption has been observed in the oxidation of 
China wood oil (/. Chcm. Soc., 1918, iij, in). Peroxides 
6— CH 

of the type | are formed (Fahrion, Chcm. Zeit., 

0 -CH 

1904, 28, 1196; Wilson ^nd Heaven, J. S. C. I., 1912,^^, 
565 ; and Ingle, J. S. C. 1 .^ 1913, j2, 639), and eventually from 
the linolenic acids there reshlt glycerides of diperoxylinolenic 
acids when linseed oil is transformed into the highly oxidized 
state of linoleum (A, de Waele, J. Ind. Eng. Chcm., igjy, 

p,i)* ■ . 

• CT. Engler and Frankenstein, Ber., 1901, 34, 2933, on the oxidation of 
dimethyl fulvene: — 

CH— CH O2 

CH=CH. /CH. . !• I \/\ .CHj 

I . ;C-C<: ■{Dimethyl-}-202=li O. C— C< 

CH=CH^ ii I / ^CH, 

. ' CH— CH 
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The relative {)Ositions of the jl^roxide att^hments is 
not definitely fixed, but it may'be ^presumed that tjiey are 
contiguous to the (CH2)7 COOjJ« group end of t^he chain. 
Ingle (/. S. C. L, 1902, 21, 594) states* that ^he doubly 
linked carbon atoms in proximity to COOH,. groups may be 
prevented from absorbing halogenl;* from^a strongly acid 
Hiibl solution. Such peroxides may un 4 ergo subsequent 
])olymerization (Fahrion, Chm. ZeiL, 1904, 1196, and 

Morrell, loc. cii.) which may occur by linkage up of the 
molecules through unattacked, unsaturate^i carbon atoms, 
rather than through the ])eroxide groups : — 

O— CH— CX— CY— CH — 0 

I I I I I I 

0 „CH— CX— CY— CH— C) 

Finking up through unsaturated carbon atoms is more 
likely because of the probable occurrence of the< glyceride 
of diperoxylinolenic acid in linoleum (loc. cii.) rather than 
a triperoxy-acid, and also the subsequent polymeriza- 
tion of monoi'»eroxy-a-elaeoslcaric acid obtained from 
tung oil. It must be pointed out that these peroxides 
are unstable and their possible products will be discussed 
later. 

P'okin (J. Russ. Phys. Chem. Soc., 1908, 40, 276) considers 
that the primary product in the oxidation is an oxide 
R.CH— CHR 

\/'. General evidence favours a peroxide formula 
O 

for the oxidation product of linseed oil, but the subsequent 
change to linox}fii may be accompanied by polymerization 
or by decomposition of the oxidized molecules with poly- 
merization of the products (Harries, Annalcn, 1906, 318) ; 

and A. de Waele, Chem. World, 1914, y, 300). 

Salway (J. Chem. Soc., 1916, jog, 138) suggests that 
linoxyn consists of olein and of polymerized aldehydes 
derived from the decomposition of the oxidized linolenin. 
De Waele considers it to consist of peroxides vdth poly- 
merized aldehydoglycerides (loc. cit.). Orloff (/. Russ. Phys. 
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Chcni. Soc., iqio, ^2, 6 ^) suggests that liufilenic and linolic 

glycerides oh oxidatfon yield respectively ■ — 

* 

CH3.CH0.eH-~ CH.CH.,.CH-CH.CH ,.CH-CH(CH.,),.COOR 

K/ \/ \/ 

O Oo t) 

• ^ # 

■.\/ ■ \/ 
o 0 

» • 

These formulae do not account for the presence of unsaturated 
components of linoxyn. [vSee also “ Theory ol Driers.”] , 
Without going furthef into the undecided changes in the 
oxidized molecule, it is sufficient to .state that the tough 
elastic him obtained when linseed oil is oxidized is linoxyn, 
and that it contains the glyceride of di])er()xylinolenic acid 
with possibly some peroxy linolic acid glyceride, together 
with their 'decomposition jiroducts 

The systematic examination of the oxidation procucts 
of linseed oil is comparatively recent, in sjiite of the great 
antiquity of its eni])ioyment in the arts and crafts. 

The conditions of absorption of oxygen will be discussed 
under the theory of driers, but it will be of advantage to 
study briefly the reactions of unsaturated glycerides, so as 
to understand the behaviour of drying oils. The researches 
of Harries and his pupils (Ber.^ 1906, jp, 2894, and 1909, ^2, 
442), Molinari (Ber., 1906, yp, 2735, and 1908, 2794), 

Erdmann and Raspe (loc. cii), and PTnaroli (Gazz. chim. 
ited., 1906, {2), 292) oiUlie action of ozone on unsaturated 

acids and oils have shown that a molecule^ of ozone can be 
attached to each pair of 5 .cmbly linked carbon atoms. Such 
ozonides, c.g. oleic acid-ozonide 

CH3(CH2)2.CH— CIWCHjj^COOH 



are easily decomposed by water ahd by alkalies to give acids 
and aldehydes according to the scheme— 
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ll.CH— CH.R'.OOOH 



R.COCffl+CHO.R'.COOH 

^ Acul: * Aldcliyck) acjcl. 

CK)OH 

RCOOH+^^' 

i, • * COOH' \ 


The identification of llic ])roducls of dW'Oiniiosition has 
tin own light on the struct nrc of the unsiVir^^fed acids, anti 
Erdmann and Raspe’s formula for linolcnic acid rests on 
the results of such an investigation. E^rtdetails as to the 
properties of the ozonides and their importance in fixing the 
structure of linseed and other oils, preference may be made to 
Friend’s monograph on the Chemistry of Linseed Oil,” 
IQ17, pp. 18, 44, which is supplied with an excellent 
bibliography on the subject. 

In addition to ozone, In’drogen may be made to unite 
with glycerides of the unsaturated oil acids by modilica- 
tions of Sabatier and Senderens’ method, whereby hydrogen 
is absorbed in the presence of nickel as catalyst, with the 
formation of a saturated acid or its glyceride, viz. stearic 


acid 


X— CH=CH.Y+2H-:X.CH2— CH2.Y 
The hardening of oils, whereby the liquid fat is trans- 
formed into solid stearin, is now an important industry 
which may be said to date from the time wLen the scientific 
investigation of oils was systematically undertaken. The 
reduction is quantitative, and Bedford (loc. cit.) has demon- 
strated that the hydrogen absorbed can be taken as a 
measure of the degree of unsaturation of the oil ; this is 
usually decided by the determiimtion of the iodine value, 
which has now^ become a recognized method for the examina- 
tion of drying oils. 

X— CH =CH— Y +2I -X— CHI— CHI. Y 
The iodine is usually presented in the form of ICland the 
excess determined volumctrically (Fryer and Weston, “ Oils, 
Fats, and Waxes,” 1918, 2, ‘94). Sufficient has bee,ri given to 
indicate the unsaturated cliaracter of linseed oil as a typical 
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drying oil as shown % iife power to absorb elements such as 
oxygen, hydrogen, chlorii:^e, bromine and iodine. 

If a la^xr of linseed oil *(o^*i-o’2 gram per 100 sq. cnis.) 
be spread oj glass, the maximum gain in weight is 19 per 
cent.^of the weight of the oil taken (hippert, Z. angcw. Chcm., 
1898, II, 412 ; \yA)er,*??^/W., 508). The rate of absorption 
depends on the te^iperature, atmospheric conditions and on 
the presence ^jf c*atalysts or “ driers.'' The absorption is 
accompanied by a decomposition due to the degradation of 
the peroxides pfe\uously referred to. The decomposition 
products comprise volatile sub^ances, eg. carbon dioxide^ 
water, formic and acetic -acids, aldehydes (acrolein, C3H4O) 
(vSalway, Trans. Chcm. Soc., 1916, log, 136), caused by the 
disruption of the molecule where the ox}^gen has been 
attached to the double linkages. vSuch aldehydes ma}- have 
a bactericidal action, and if ])resent in large concentration 
they are cc^isidered by some to have toxic properties.* 

Moisture and soluble ferments bring about hydrolysis of 
the glycerides whereby acids are formed, which on oxidation 
and rupture of the molecule produce aldehydes causing 
“ rancidity " (Nicolet and Liddle, J. Ind. Eng. Chan , 1916, 
cS’, 416). 

Owing to the loss of volatile products the percentage of 
oxygen absorbed after 56 days’ exposure may be 2-25 times 
the observed increase in weight of the oil, if it is allowed 
free exposure to air and no film is allowed to form. 

(1) Time of exposure, 56 days; increase in weight of the 
oil, 974 per cent.; weight of volatile products, 122 per 
cent. ; weight of oxygen absorbed, 21 '49 per cent. 

(2) Time of exposure, *68 days ; increase in weight of the 

* It is significant that no evidence has been shown of the toxicity of the 
gases evolved during the oxidation of linseed oil m enclosed spaces, such 
as are found in the “ oxidizing sheds " in linoleum works {see chapter 
on Linoleum). The concentration of the vapour evolved in these chambers 
where solidification of linseed oil at the rate ^f' one ton per diem takes 
place, ist.ufh that their irritant effect on the mucous mcmbrance of the n4)se, 
and the lachrymatory glands of the eyes, make it impossible for any but 
operatives inured to the vapours to with.stand them with comfort for more 
than a minute or so. Workmen employed in the oxidizing sheds are said 
to remain in them for periods of an hour at a time, without suffering any 
ill effects other than a passing discomfort due to hypersecretion of the 
glands mentioped. 
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oil, 8*96 per ceht. ; weight of v(f^ti|e products, 15 '8 p 
cent. ; weight of oxygen absorbed,^ 2477 per cent. , (Frien 
Proc, Paint and Varnish Soc\, 'May 14, 1914 i jVilson ai 
Heaven, J. S. C. L, 1912, ji, 565 ; and de Waele, Che: 



From the above data there is a point of equilibrium 
which the gain in weight is approximately equal to the 1 



in weight due to escaping vapours and gases. Any fac 
assisting or retarding the removal of the oxidatio;i prodi 
wiU proportionally lower or raise the observed mcreas^ 
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the weight of the oil ; ^ thj^ accounts for the Varying figures 
given, I3-^5-6 per cent. (Ingfe, J. S. C. L, 1913, j2, 639, and 
Redman, WVith, and Brock, J*. ind. Eng. Chcm., 1913, 5, 630.) 



Fig. 3. 

The increase in weight of some drying and semi-drying 
oils on exposure to air is shown in Figs, i, 2, and 3. 



Fig. 4. — Rate of Percentage Gain in Weight of Oils at 100'^ C. 


In Figs. I and 2 the variation of the percentage of 
oxygen absorbed and the increase in weight of hnseed 



44 RUBBER, RESINS, PAINTS AND VARNISHES- 

oil with the time of exposure are'f;ho)\m. In Figs. 2 and 5 
a comparison is given betweeh dr^dng oils and sejni-drying 
oils, as to the weight of oxygc»ii absorbed with ^ the time. 

In Figs. 4 and 5 the effect of temperature ^n the rate of 
absorption by three oils, of which cotton seed oil is a typical 
semi-drying oil. From an examiilation'of the curves there 
is evidence of an induction period during which the increase 
in weight is slow. It is assumed that om^ll quantities* of 
peroxides are being produced which, on their formation, act 
catalytically as oxygen carriers. The addition of a metallic 



5. Percentage Gain in Weight of Drying Oils at 100® C. (Friend). 

drier reduces this induction period. Fokin (/. Russ. Phys. 
Chem, Soc., 1907, jp, 607, and 19^8, ^0, 276) states that the 
rate of setting ‘of linseed oil filnis follows Spring’s rule, in 
that it is doubled for every 10 degrees rise in temperature ; 
moisture retards the time of setting. It is evident that the 
change cannot be expressed by* a simple velocity equation 
because of the loss ofwolatile products and the possibilities 
of ^polymerization of the oxidizing and oxidized oil. Poly- 
merization would tend to^ reduce the amount of the volatile 
products. 

The influence of moisture is shown in Fig. 6. ^ 
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The curves in Fig. 6. de Waele, J. S.*C. /., 1920, jg, 
48?) repr^ent graphically th^ results obtained by plotting 
the variations in weight ah( 4 wn by exposing variously 



simultaneously plotted as detailed in the graph. It will 
be noticed Ihot the two series of observations, viz. in hght 
and in darkness, although agreeing in the direction of the 
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path of the cutve followed by th^^ individual oils examined, 
differ very materially, a faiVly close connection existing 
between the mverse of the ‘ p'tcssure of the w,ater vapour 
and the light conditioiih, whilst the darknc^ss conditions 
follow more closely the relative humidify readings. The 
coincidence of the paths followed by the different oils occurs 
after the completion of the first indu^kion jieriod. The 
relative stability of polymerized oil is skowp by the steadi- 
upward tendency and closeness of the ordinates at the 
33rd and 133rd day periods, and further "'supports the view 
as to its constitution outlined on p. 37. The conclusions 
'drawn by the author from the above curves are that the 
periodic variations in weight are caused by the two factors 
composing the atmospheric conditions : (i) The decom- 

position of the primarily formed peroxides is initiated by 
the presence of water ; and (2) equilibrium conditions. 
i.c. decomposition versus back-pressure, are attained by 
the interpretation of the latter as pressure of water vapour. 

Gardner [Circular No. 70, Paint Manufacturers Assoc, of 
the U.S.), discussing variation in weight curves showing 
two alternate increases and decreases, holds the view that 
the first decrease is represented by decomposition of the 
oxidized product into volatile products and solid oxidized 
residue, followed by splitting up of the latter into fatt)^ 
acid and the glyceryl radicle, the gl) ceryl then taking up 
water to form glycerol and thus representing the second 
increase. The second decrease is then held to be accounted 
for by decomposition of the glycerol into volatile decom- 
position products. * 

The effect. of stoving a linseed oil film at 100 C. is to 
increase the water- resisting power by increasing the thickness 
of the layer of linoxyn. Friend has found that a film of 
linseed oil dried at 15° C. absorbed five times as much 
moisture as a similar nlm stoved at 100° C. (J. Iron^a^d Steel 
Institute, 1911, hi. 54). He states that the painting of wrought 
iron while it is hot gives a much more effective protectionj 
Genthe (Z. angew. Chemie, igo6, /p, 2087), Fig. 7, showed 
that the rate of oxidation of linseed oil exposed to ultra-violet 
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light was greatly accele^ted. In the dark the maximum 
absorptigii was reached m ^ days, whereas when exposed 
to light fr^om a mercury *la5n]^ the maximum was attained 
in 25 hours.^ Under these conditions linseed oil was found 
to absorb 34 per-cent, of its weight from the atmosphere. 

Clianges in wdight* are accompanied by changes in 
volume. PViend \rrans. Chem. Soc., 1917, ///, 162) found 
that with incr^as^i in weight (i7‘9-i8‘5 per cent., i.c, solid 
linoxyn), there was an increase in density with an increase 
in volume up to 3 per cent. ; subsequently a contraction 
ensues on ling exposure which is a simple exjdanation of the 



cracking of paints and the shrivelling of varnishes. Wolff 
[Farh. Zeit., 1919, 27, 1119) has found that where varnishes 
yield glossy films in ligbi: of short wave-lengths, slirivelled 
films are produced in - l,ight of long wave-length. He 
maintains [loc. cit., 1389) that in varnishes ex})osed to light 
of short wave-length oxidation and polymerization proceed 
at nearly equal rates, whereas in light of long wave-length 
polynierization is retarded more than oxidation, so that 
inequality in volume of inner and outer layers is produced. 

Gardner (J. Ind. Eng. Chem., 1914, 6 , 91) has shown that 
linseed oil^ when mixed with chemically inert powders such 
as bar}les and silica, exhibited a smaller gain in weight on 
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setting, the powders apparently assisting in the decomposition 
of the peroxides with the production of volatile ma^terial. 

The absorption of oxygen is ,ac(?onij)anied by an evolution 
of heat, so that precautions must be taken to p^void sponta- 
neous combustion of any fabric impregnated with a drying 
oil (Mackey and Ingle, J. S. C. L, ‘^917, 31Q). vSinhlarly 

the absorption of bromine by linseed oil exotliermic, and 
Harden (J. hid. Eng. Chem., 1916, 6’,^, 121) states that 
206 calories per gram of linseed oil are evofved, compared 
with 1007 calories in the case of olive oik t 

After the general statement of the ])roperti(?s of linseed 
oil as a drying oil, it will be advisable to describe brief!)- the 
sources of the seed, and the mode of extraction of the oil. 

On the importation of linseed depends the sup])ly of 
paint in the building and decorating trades, and for the 
manufacture of linoleum, although abroad linseed oi) is used 
to a very limited degree as a burning oil ; durijig the war 
it was an ini]:)ortant source of glycerine. 


United Kiuf^dom 
United States 
Germany . , 

France 
Belgium 


iMPOinS FOR CoN‘=:UMPiION Ol' OlL SffDS IN J()J ^ 
Linstu ( 1 , 

(>5.^, 81 2 tons 

132,357 .. 

500,323 metric tons 


237,400 

259,105 


Soya Ixans. 

7(>,132 tons 

Not separately distinguished 
125,750 metric tons 
(including castor oil) 

‘15 

Not separately distinguiMicd 


1913 was considered to be an abnormally high year for linseed. 


On conversion of the seed into oil values and deducting 
the figures for re-export, so far as the United Kingdom is 
concerned, Mr. Pearson, chairman of the Oilseed Crushers 
Association, has compiled the following table for 1 91 2-14, 
1915, and 1916. , 



Oil im purls or cquivdleiit 
of seed imports. 

t 

Oil exports. 

Oil retained for U.K. 


1912-14. 

1915. 

« ^916. 

1912-14.* 1915. , 

1916. 

1912-14.'; 1915. 

1 

1916. 


Tons, 

Tons. 

T#ns. 

Tons. '■ T^ns. i 

Tons. 

Tons, 1 Ton|. 

Tons. 

Lins^ 

158,124 

123,554 

151,710 

275,562 55,92724,761 


126,949 

oil • 
Cotton 

127,510 

117,911 

Go,2I2 

26,36036,082; 

3,397 

I3o,562j6f,027 
101,150 81,829 

56,815 

seed oil , 
Fish oil ’ 

63,811 

91,872 

109,061 

8,229 4,570 

1,146 

j 

55.58^87,302 

107,915 
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During the war the ddnaiid for oil seeds* was increased 
by three ;main causes : (i) tlie demand for glycerine for 
explosives, jvhich involved s'|:)fltting a quantity of oil far 
exceeding thy normal requirements of the soaj) trade. 
(2) The demand for edible oils for margarine. (3) Main- 
tenance of the supplies o^ feeding cake for cattle. 

Fortunately tlV British Fmpire possessed the very 
substantial adv^intcige that the supply of oil seeds generally 
was amply sufficient for the requirements, and left a margin 
for export, as sli^w^i in the table given above. By the 
system of prohibiting exportation from countries of origin^ 
to destinations other thau the United Kingdom or the 
Allies, except under special licence, it was possible to secure 
to this country any quantities required for which shipping 
was available. 

The largest exporting countries of linseed arc the 
Argentine, Russia, India, and Canada. The general oil- 
seed production of India is already very great, and is capable 
of still further increasing (“Oils and Fats in the British 
Empire,"' Sir A. D. Steel Maitland, 1917). The Canadian 
crop is absorbed by the United States. The Argentine 
exports to Europe reached in 1913, 1,100,000 tons, or on the 
average 800,000 tons annually. The exportable surplus 
from India varied from 250,000 tons to 400,000 tons in 
1913 - 

Small quantities have been grown in England with very 
satisfactory results (Eyre and Morrell, British Flax and Hemp 
Growers' Society Publications, 1919, and J. Board of Agri- 
culture, 1919). China is becoming a linseed oil^seed exporting 
country. Soya bean fronf China, Manchuria, and Japan 
have become less popular, and have fallen from 400,000 tons 
in 1910 to a much lower figure. 

The flax or linseed plant (linum usiiati^imum) is grown in 
some coiii^tries for fibre, and the highe*st germinating seeds 
are preserved for sowing. The true flax-bearing plant Has 
a straight, unbranched stem, 40 inches high, consisting of a 
core, an outer covering, and an intermediate layer of bast 
tissue. It is the bast tissue which gives the flax fibre, 
s. * 4 
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after separation by retting and^^scu^.ching, to be spun for 
linen. The seed variety is Ijra^icliiiig and shorter in the 
stem, and its fibre is of relatively small impoitance. The 
yield of seed per acre from the flax plant is 6-V.o cwt., while 
the seed variety gives 10-20 cwt^ ])er acr^^. The seed from 
the branching variety is larger and'yields 30-40 per eent. of 
oil. To extract the oil from the seed l/)t or cold pressing 
may be em])]oycd, the former being the i^iost common, while 
the latter is only resorted to when a pale edible oil is required, 
as in Russia, Germany, and India. * 

, Extraction of Linseed Oil.— The extraction of oils 
from their seeds is essentially an*engineering problem. The 
broad, general methods are two, viz. ein])loyment of pressure 
and extraction by solvents. As the seeds are small they 
are crushed in hydraulic presses and the oil forced out of 
the seed. The seed or meal is heated during the process of 
hot crushing, and the oil ])roduced is known a 5 hot-pressed 
or hot-drawn oil. v^uch oil is discoloured by its having 
dissolved, during the exi)ression, an excessive amount of 
colouring matter. The cold-drawing ])rocess leaves usually 
a considerable amount of oil in the cake, but it is freer from 
impurities such as mucilage, and is of a better colour. By 
either hot or cold process not more than 90-95 ])er ceyt. of 
the total oil is removed from the i)ress-cake. The second 
process extracts all the oil from the seed by the use of 
solvents, benzol, carbon disulphide, or carbon tetrachloride. 
The process in outline consists in allowing the solvent to 
percolate through the seed or meal in a closed vessel, drawing 
off the solution and distilling off Ihe solvent. 

Anglo-American Crushki| System.— Linseed, rape 
seed, and similar small seeds do not entail preparatory 
machines to reduce them to a f^rm suitable foi treatment in 
the subsequent ojj recovery process. Such machines are 
specialized and* are ^designed to deal with one^p^irticular 
cldss of seed or nut, c.g. for reducing co]ma and concerting 
it to meal (Fig. 8) 

The oil seeds (linseed, rape, etc.) are first parsed through 
a magnetic separator to remove pieces of metal which 
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have been added lo*brii" the vvei^.^c v.. .be seed, and 
then pals by an endless* b;njd conveyor to the crushing 
mills. * 

Seed CriAhing.- — This o])eratjon is performed by a crash- 
ing mill which cofisists of f rolls, t 6 indies in diameter and 42 
inches long, stackc^l vertically, and are quite plain on the sur- 



Fig. 8. — Anglo-American Rolls. JRosc, Down ami Thc^npson, Ltd , Hull.) 


face. As usual they are ground very true and are forced on 
to their shafts by hydraulio pressure, and thereafter keyed 
at both ends. The lowest roll is driven at both ends and is 
providefU ^ith two additional pulleys, from which belts ^^e 
taken to similar sized pulleys at each end of the third and 
fifth rolls. The bearings for all the rolls except the lowest 
are free to’ slide vertically in their housings, so that the 
pressure exerted on the seed increases with each step in its 
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f , 

descent. The capacity of the ro^ls -is about 15 cwt. per 
hour. ^ ^ 

Heating and Moulding.— The heating of the crushed 
seed or meal facilitates the expression of the rfil, helping to 
rupture the cells in which the oif is contained ; moreover, 



Fig. Q.—^Kettle and Moulding Machine (Kobert Middleton). 
[Rose, l)ov\'n and Thompson, Ltd , Hull.] 

(“The Production and Treatment of Vegetable Oils,’’ T. W Chalmers.) 


away more freely. ; Hoating also coagulates the albuminous 
niatter which is' retained in the -press cake. Frequently a 
little steam is admitted direct into the kettle, not so much 
to heat the meal, but to improve its condition and to 
facilitate the flow of the oil. The time and temperature of 
heating may be 20 minutes and 170° F. respectively. 
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The meal is witlidrawii^from the kettle in s^iitable aiuoimts 
and is immediately tough-nioulded in a machine to the 
form of slabs suitable for ^li^ jjress in use, and as quickly as 
they are ma(Je the slabs are transferred to the })ress. 

Pressing.—In the Anglo-American press the interspace 
betwt^en the ram hnd the lK)p plate is provided with a number 
of iron plates ^o- 
30 ), usually ^^us- 
pended evenf>' one 
over the other. 
tween the plates are 
})laced cakes of uni- 
form size as they 
come from the mould- 
ing machine. On the 
application of pres- 
sure the plates are 
forced together, thus 
squeezing the oil from 
the meal and causing 
its exudation through 
the cloths surround- 
ing each cake. 

On the release of 
the pressure the 
plates fall again into 
their correct position. ~ — 

The presses are de- 
signed for a pressure io. — ^Typo of Anglo-Amcncan Pres-, 

of two tons per square . supportecU^y Lmks. 

, . (Rote, Down and Thompsen, Ltd , Hull ) 

inch. The columns 

are of mild steel and the bottom has a large receptacle for 
the expressed oil, from whidi it is condqpted to underground 
tanks. ^ The plates may be supported, by tacks, or by links, 
as in the* figures. , * 

The press is undoubtedly efficient. It is simple, and 
running iq conjunction with the modern meal-moulding 
machine, it is easily and quickly loaded. It is rapidly 
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unloaded, but the stripping of the press bagging from the 
cakes may involve considerable fdabour, so that special 
machinery may have to be installed for mechanical stripping. 

The presses are best adapted for dealing Vith seeds 
containing a moderate amount of oil. The 5iake meal is 
pressed only on two sides and mt roundHhe edges. * The 



places are often cor- 
rugated so as to pre- 
vent, as far as pos- 
sible, the meal from 
s])reading, which is 
occasionally success- 
ful but not always so 
with seeds of high oil 
content. P'or seeds 
containing a high per- 
centage oil a box- 
cage type of press is 
preferred (Chalmers, 
loc, cit.). The press 
cakes are the linseed 
cake of cattle food. 

The Extraction 
Process.— The 5-10 
])er cent, oil left in 
the piess cakes is not 
a source of loss, but 
the cake from which 


Fig. II. — Type of Anglo-American Press. been Cll- 

I’latcs supported by i^acks ^ tirely extracted can 
(Rose, Down and Thompson, Ltd , Hnll ) direct tO 

cattle without requiring dilution with bran and other 
substances, as is the case witii the ordinary press cake. 
The oil extraction .solvents must be carefully selected. 
Mt?§srs. G. Seott and Sons, Ltd., London, make an oil 
extraction plant in which benzol is used as solvent. Benzol 
is stated to be one of the most difficult sglvents to remove 
from the oil, but it is the safest and the results are considered 
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to be satisfactory. The extraction is perfog*med cold. In 
the continuous still tlte d^fscepding oil and solvent are met 
by an ascending current of, steam, so that the benzol is 
carried away with the steam. The working charges are 
very low. I'iie coal required per ton of raw material may 
amoimt to two oi’ three cwt. and the loss of solvent may be 
returned at i J gallf. per ton of seed treated. The statement 
by Mastbauni {Z.^angcw. Chou., 1916, p, 719), that the 
extracted oil clries slower than the pressed oil must be 
doubted. In thej)riissed oil it was suggested that the more 
fluid glycerine's, i.c. the unsaturated glycerides, would be 
extracted first, but as linseed oils contain mixed glycerides; 
such a differentiation is hot })Ossible by a pressing extrac- 
tion process. For fuller details respecting the properties 
of linseed oil and other drying oils reference may be made 
to Lewkowitsch, “ Oils, Fats, and Waxes,” 5tli edition, and 
to Fryer and Weston, " Oils, Fats, and Waxes,” 1917. 

A short description of the ])roperties of several ])aint and 
varnish oils must be given, viz. Perilla, vSoya, Poppy-seed, 
and China wood oil (Tung oil). 

Perilla Oil is expressed from the seeds of Perilla Ocimoides 
(N ankinensis) , an annual plant growing in China, Japan, and 
the East Indies. In Japan it is employed as an adulterant 
of lacquer. Very little is exported to the United Kingdom. 
In Manchuria it is stated to be used for edible purposes. In 
spite of its high iodine value (206) and high insoluble bromide 
value of its fatty acids, its drying power is stated to be 
inferior to that of linseed oil. The statement that it forms 
“ drops ” when spread on^a surface is not generally accepted 
by users of the oil. H. Gardner (“ Pawit Researches,” 
1907) reports favourably oh the use of perilla oil in paints 
and linoleum. 

Soya Bean Oil. — The# soya bean {Glycine hispida) is 
indigeneous to China, Manchuria! ^and Japan. It was 
practical^^ unknown! in {his country before 1908, or uatil 
the Russo- J apanese war. Since that time the use of oil and 
cake has spread phenomenally. 

Of late the demand has dropped, although the oil cake as 
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a cattle food is- a rival to linseed rand cotton cake. The oil 
belongs to the less active dryingfoil^, although with driers 
it gives a fair drying oil (G^i^nhr, Circular No. 69, Paint 
Manufacturers Assoc, of the U.S.A., Aug., 19^9). The low 
iodine value (130) with an insoluble bromide value, 7*8, 
show that its oxygen absorbing j5o,wer is small. The* oil is 
in demand in large quantities for ediblqf purposes, but its 
use in paints is limited. The beans ccvitain 18 per cent, 
oil, from which 10-13 cent, can be extracted by either 
native methods, or by the Anglo-Ain^fioan process. The 
emulsification of the oil with gluten or casein-hke bodies in 
the beans is the basis of some patents for artificial milk 
(Melliuisli, B.P. 24572 (1913), and Eng. Pat., 9626 (1915), 
also '‘B. A. Reports on Colloid Chem. and its Industrial 
Applications,” 1918, 106). The emulsifying power of the 
oil seems superior to that of other drying oils. 

Pararubber Seed Oil. — This oil, obtained. from Para 
rubber seed kernels, has been investigated recently at the 
Imperial Institute {Bulletin of the Imperial Institute, 1913, 
vol. xi. 551). It dries less quickly than linseed oil, but it 
would be a valuable substitute when linseed oil is high in 
price. For linoleum manufacture it is considered to be 
unsuitable. The usual constants of the oil are : sp. gr., 15°, 
0*925 ; acid value, i6*8 ; saponification value, I92'i ; iodine 
value, 131-138. See also pp. 29, 30. 

Poppy-seed Oil. — The seeds of the opium poppy {Papaver 
somniferum) are grown in India, Russia, France, and Asia 
Minor, and contain 40-50 per cent, of an oil which when 
cold-drawn is almost colourless (white poppy-seed oil), and 
possesses a pleasant taste. The# cake is rich in nitrogen, 
and is highly prized as a cattle food. The oil is a fair drying 
oil and is used more in artists' colours than in ordinary 
paints. The seeds a^re generally ifexpressed twice, the second 
pressing being carriedrout hot and yielding an inferior oil 
wMgh is extensively used for soft soaps. The colo*urless oil 
is also used for adulteratmg olive oil. 

In describing the oil obtained from any see^ or nut it 
must be remembered that the utiliisation of the press cake 
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is a prime factor in the successful application of an oil. If 
the cake^is useless th*e development of the oil is retarded. 
It is for this reason that attention has been drawn to the 
usefulness of^he press cake in the description of the several 
oils. Poppy-seed oil is said to contain 65 per cent, linolic 
acid, *5 per cent. 'litiolenic^ acid, and 30 per cent, oleic acid 
(Hazura). The ic^ine value is 131-157. 

• China Wood .Oil (Tung Oil).— The seeds of Aleurites 
cordaia are contained in a pod or nut about the size of a 
small orange contartiing usually about three seeds. These 
seeds can euisily be distinguished from those of linseed by 
their size. ^ 

The seeds are treated by crude native methods, and the 
yield is 40 per cent, from an oil content of 53 per cent. The 
cold-pressed oil is pale and is generally exported. The hot- 
pressed oil is dark in colour. The oil cake is poisonous 
and can be used only as a fertilizer. In China it is the custom 
to impregnate the wood of boats with the oil, hence the name 
China wood oil (Seeligman). 

Recently the cultivation of the tree has been undertaken 
in the Southern States of North America. In 1914, 40,000 
trees were in cultivation and the results were satisfactory. 
No doubt the trouble respecting the unsuitability of the 
cake as a cattle food will be overcome, and the application 
of modern methods of crushing and refining on the spot 
will enhance the importance of cultivation of Aleurites. 
In 1906 nearly 29,000 tons were exported from Hankow. 
The literature on tung oil is very extensive (“ Index to 
Patents, Technology and Bibliography of China Wood Oil," 
A. H. Stevens and J. W. Armitage). Tung* oil has marked 
peculiarities differing from linseed oil in the following re- 
spects : — It dries in about two-thirds the time of linseed oil, 
giving a film which is white, dull,^ opaque, and crinkled. 
These effects are much reduced in th^ presence of driers," 
but they* are especially marked if drying be retarded in a 
gas-laden or foul atmosphere. The surface puckers or 
webs, and becomes matt with a finely radiating cr^^stalline 
appearance. 
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Often the him may become janiformly opaque with a 
ground glass appearance which, i^heli examined under the 
microscope, is seen to be similar tA the above. If tW drying 
is carried out at temperatures above 8o° C. the^ rilm is trans- 
parent and smooth. The change may be due to formation 
of a solid isomer ; such an isomor^is pK)duced when 'wood 
oil is exposed to light. The crystalline^ isomer is readily 
oxidized to a white solid ])eroxide (Mor^rell, Trans. Chcm. 
Soc., 1912, loi, 2082). Another peculiarity is the rapid 
gelatinization of the oil. When heaV'd, to 288° C. for 
9 minutes, it sets to a hard transparent jelly. IJhis property 
can be used for detection of impurities in the oil, because the 
addition of 12 i)er cent, of anotlicr oil, e.g. soya bean oil, 
will retard the gelatinization at that temperature. The 
change is due to polymerization which differs greatly in 
rate from that of linseed oil. 

Schumann (/. Iml. Eng. Chon., 1916, d, 5) has put 
forward the view that a dipoly meride is first formed which 
afterwards gels. He discusses the mode of preventing the 
coagulation, which is a most undesirable property although 
the rapid formation of the dipolymeride is of great importance 
and its proper control has been the subject of much investi- 
gation. Careful research is gradually overcoming the 
difficulties due to the rapid gelatinization. The durability 
of the treated tung oil is generally superior to that of 
linseed oil, and when the defects of webbing and coagulation 
are overcome by the manufacturer he can produce a much 
improved protective coating, but skill and judgment are 
necessary in the treatment of the yil. Owing to the rapidity 
of coagulation it is very difficult , under ordinary conditions 
to incorporate* copal resins with* raw wood oil in a varnish 
mixing. 

It may be mentioned that the isomer of wood oil is the 
only crystalline dr} ing 6il which has been isolated in^a pure 
condition (Morrell, loc. cit.). 

The following table shows a comparison of the constant 
of linseed and China wood oils : — 
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Sp. gr. (i5'’C.) .. 

n . . . . . . . ? 

D. aciditv* . . 

Saponificaticyi value 
Iodine value - . . 

Per cent incrclse in weight 
on exposure to air 


Linseed oil. 
•o 933 
41 -48^1 


'M 

197 « 

17 6 (8^ days) 


China wood oil, 

0 - fj 405 

1- 5174 (12 '5" C.) 

3*3 

102 

108 

P) 5 m clays) 


A * • • - ^ 

The importance of it !5 metallic salts will be referred to 
under the theories* of drying. Boiled with caustic alkalies, 
it yields soaps which are granular in comparison with 
ordinary soaps, since in the pure state the alkali salts of 
elaeostearic acid tCi8, H32, O2), of which tung oil is the 
glyceride, are crystalline substances which arc sparingly 
soluble in water. Owing to the small amount of impurity 
China wood oil lends itself readily to favourable investiga- 
tion, the only foreign conij)onent (with the exception of the 
dissolved solid isomer) known at jiresent is oleic acid to 
the amount of 10 per cent. (Fahrion states that 2-3 per 
cent, solid acids are present.) It gives no other insoluble 
bromide either as glyceride, or when transformed into the 
free acid. A solid tetrabromide of the same melting point 
has been obtained from the two forms of glycerides. 

Its peculiar drying properties must be connected with 
the orientation of the double linkages in the molecule, since 
it is isomeric with the glyceride of linolic acid (a much 
slower drying oil) which is present in poppy-seed oil to the 
extent of about 65 per cent. 

hinolic acid, 


CH3(CH2)4CH : CH.CHo.CII : CH(CH2)7COOH 

(Goldsobel, J. Russ. Phys.^Chcni. Soc., 1906, :;S, 182). 
Klaeostearic acid, » ^ 

CH3(CH2)3CH : CH[CH2]2.CH : CH.[CH2]7C02H 

(Majima, Ber., 1909, yj, 674 ; 1912, 4^5,^2730). 

If proper account be taken of th^ peculiarities of tung 
oil, resin "mixings containing it are superior in durabilityto 
those prepared with linseed oil, but the conditions require 
careful attention and neglect of them results in highly 
undesirable products. 
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Other oils «in use, in small quantities, for paints and 
varnishes are : — ‘ ^ 

Walnut Oil.— A very p^le 6 {\ used by artjsts, because 
paints made with it have a less tendency \o crack than 
those containing linseed oil. 

Japanese Wood Oil. — Obtaih^d fr<?m Paulownia^impe- 
rialis ; it is very similar to China wood toil, but gelatinizes 
less readily. c 

Candlenut Oil, Niger Oil, Sunflower Oil, and Hemp- 
seed Oil possess drying properties wiiereby they may be 
used in paints and varnishes, but their drying properties are 
inferior to those of linseed oil. Provided the price of linseed 
oil is not much higher than that of the five oils mentioned, 
the demand for them is very limited and the supply is much 
smaller. They are used chiefly for soap making, or for 
edible purposes. 

Among the animal drying oils menhaden, or fish oil, can 
be used as a drying oil. The production from Alosa 
menhaden (a fish resembling a herring) amounts to nearly 
half a million tons per annum, from the Atlantic coastline 
of North America. It is cheaper than the vegetable oils, 
and is used for adulterating paints or for leather cloth or 
oil tablecloths, in the United States. It is not popular in 
this country for paints and varnishes because of its odour 
and general inferiority to linseed oil. Toch (/. Ind. Eng. 
Chem., 1911, 9, 627) recommends a mixture of 75 per cent, 
fish oil and 25 per cent, linseed oil for outside paints, but 
generally its durability is inferior to linseed oil. It owes its 
drying powers essentially to the* presence of clupanodonic 
acid (which gives an insoluble oct<jbromide), but its chemical 
composition is not fully known. The oil content of Alosa 
menhaden is about 15 per cent. 

Resin oil and pii^e oil will be teferred to in the chapter on 
Resins. . • • * , • 

• Boiled, Blown, and Stand Oils (Lithograpliic Var- 
nishes).— Linseed oil when heated to 220^-280° C. for several 
hours in contact with the air is said to have its power of 
absorbing ox3’gen increased (Hurst and Heaton, Painters 
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Colours, Oils, and VarnisheJi ”). It is customary to add small 
quantities of metallic driefs whereby the resulting “boiled 
oil “ is essentially an oil containing a metallic catalyst. 

The oil mefy be heated over a lire in large boilers holding 
100-600 gallons : the boilers are made of wrought-iron 
plates of the form s*howit in Fig. 12, and the bottom, which 
is made separatehg is riveted to the sides. The corroding 
action of the fire greatest on the bottom of the boilers, 
which are thus replaceable. They .should be set over furnaces 
with fireplaces orftsaie the boiling shed. A suitable cover 
should be fixtd on the ])ot to allow' the ingress of air and the 
removal of the irritating and acid fumes from the boiling 
oil. The oil in the pots (not more than tw'o-thirds full) 
is carefully heated up to 280° C. Great caution must be 
exercised at first otherw'ise 
the oil may boil over owing 
to the presence of water and 
of mucilage. After a time 
the oil “ boils “ quietly and 
is kept at 280° C. for not less 
than 2 hours. After it has 
been boiling for hour a small 
quantity of driers is added 
from time to time. The time 
of boiling and the quantity of driers varies, but generally 5 lbs. 
per ton of oil and 5J hours heating are adequate. The cold 
clear oil is drawn off as boiled oil and the foots are used for 
putty or mixed into cheap paints. The oil darkens in colour 
during the boiling due tb the presence of decomposition 
products depending on flie temperature of. the operation 
and the nature and quantity of the driers used. Manganese 
dioxide produces a darker oil than litharge, head and 
manganese acetates, or manganese o:jialate, produce the palest 
oils. Th^ temperature of. the boiling process should be k^t 
as low as possible so as to prevent excessive darkening of 
the oil. The loss in weight of the oil is small, considerably 
under J per cent, even after boiling for 14 hours. The 
direct heating of linseed oil over a fire is being superseded by 



Fig. 12. — Oil- boiling Pan. 
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a steam process. The oil is rfln yito a tank htted with 
a closed steam coil and hcWe/l for about 2 hours at a 
temperature of 203°-2o6° (i. ^ This preliniinaiy treatment 
probably assists in coagulation of the mucilal^e and reduces 
the frothing of the oil at the next j^tage of the process. , 

The hot oil is run into. a steanl-jacketed boiler provided 
with a stirrer and an air inlet as in I^ig. 13. The oil is 
heated by the steam jacket and air* is blown through 
it. The driers are introduced from time to time, and on 
completion of the process the oil is run into settling tanks 
(Vincent, /. 5 . Arts, 1871). The oil-boiling plant su])])lied 
by Messrs. 'Rose, Down and Thompson 
is on the same general principle, 
differing in mechanical details. Dur- 
ing the boiling with driers it is evident 
that the incorporation of the driers 
])rovides a “ drying oil.” In the 
])resence of the air oxidation un- 
doubtedly occurs with improvement 
in the body and gloss of the oil. It 
must be pointed out that the peroxides 
of the more active components of 
linseed oil may cause oxidation and 
polymerization of the less unsaturated 
glycerides whereby thickening ensues. 
The small quantity of the driers assist 
in the production of the peroxides. 
The action of the driers is to shorten the slow initial oxida- 
tion as shown in the accompanyiifg diagram. 

Boiled oil is of a brown colour *of varying depth of shade. 
Its colour is characteristic and peculiar, different from that 
of linseed oil. The specific gravity varies between 0'933 
and 0’952, dependhig *011 the mode of manufacture : the 
drying time is ’likewise variable from 5-20 boilrs. It 
giv^s a hard lustrous surface which is liable to crack on 
exposure to air, and is therefore mixed with raw oil so as to 
obtain a more elastic coat. Exposure to light is stated by 
some to darken the oil although linseed oil is bleajehed under 



Jacket. 15, Centre fur 
Vertical Shaft C, 
Agitators, D, Oil (in- 
let). 13 I'luc L, Air 
into Oil S, Vertical 
Shaft. T, Steam. 
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similar circumstances.. Tlie properties wliicli the consumer 
requires k)r use in paint a:hd tor coating wood, masonry, and 
metal (generally iron) are consistency, cleanness, drying 
power, and frJedom from added foreign impurities, c.^. rosin, 
rosin oil, mineral oil, and (filler vegetable oils. 

It has been stated that boiled oil is essentially a linseed 
oil containing drichs, and if this is strictly correct boiled oil 
might be produeeo by merely incor])orating driers with the 
oil, but genuine boiled oil ])0ssess bod}' and gloss due to 
oxidation and j^tolymerization produced in its mode of 
treatment. 


TjiE AnSOKPTION OF OxYOliN, BY R\W, BOILKO. BlOWX, WD Poi.Y Vf E RIZEU 

On ^ 


(]n('r('asc jn Weif^lil ) 


llive Oil (in winter time) , . 
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12 days 5 b-y in 24 days 
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time) 


, 1 ! 

.. -J „ 

17 bz 
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Dhiiia Wood Oil (in winU r 
time) 
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summer time) 
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last Indian Linsei d Oil, 
thickened, “500-5^0 (.32 
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Boiled Oil (containing man- 
ganese and lead (slimmer) 

IS’2 
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,, 

23 

Double Boiled Oil (summer) 
Linseed Oil -1-2% lead man- 
ganese resinate (no heat) 
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Linseed Oil, blown at 100- 
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, Hi hrs 
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in 
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Cold Blown Linseed Oil (Cal- 
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,, 

8 ,, (film dry) 

Cold Blown Linseed Oil 
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I7'i 

» 
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Linseed Oil heated to 280° 1 . 
and 2% Pb. Mn resinate 
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15 3 

> 

• 

„ 17 1 1 


17 4 


(Idm dr>) 

,, 174 „ 5 days 



Pi 
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Cf. Andfe’ “ Dryiijg and Boikd Oils.” 1901. 

Frq^n the figures in tlje table it will ‘be evident that the 
gain in weight and the rate of drying is increased if air is 
blown into the oil during the heating, whereas it has little 
influence 041 the cold oil. The gain in weight is dependent 
on many factors, viz. temperature and general atmospheric 
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conditions, and ‘is a balance between the true gain and the 
loss in weight due to the escape*of w)latile oxidation products. 
The viscosity of the oil is ^increased during tjie blowing 
process and the unsaturated acids will ha\)^ undergone 
extensive oxidation to give glycerides from which acids can 
be obtained insoluble in light petrSleum fFahrion has shown 
that the oxidized iinsaturated acids are- insoluble in low 
boiling-point j)etroIeum). With reference to, the durability 
of coatings produced from boiled oils there would appear to 
be differences of 0])inion (Ingle and Wo(fdmansey, 5 . C, L, 
1918, 103). If in the oxidation a high proportion of 

peroxide glycerides is left in the oil it is to be expected that 
the superoxidized oil of Reid (J. Soc, Arts, 1891, jp, 398) 
would predominate to the detriment of the durability, but 
if an oxide stage be attained durability would be expected. 
The oxidized oil produced by blowing with a high percentage 
of peroxides is decomposed by lengthy exposure with the 
formation of liquid acidic compounds (Ingle and Wood- 
mansey, /ee. rf/.). The conditions of blowing oils must be 
carefully controlled because rapidity of surface drying is 
not the only requisite, but the linoxyn layer must extend 
throughout the mass of the oil, which would be attained on 
the assumption that the peroxide autocatalysf was reduced 
to the oxide stage A02-fA=A0+0. (A is the oil 
glyceride.) 

Such oxides are most probably polymerized or they may 
undergo transformation into ketones of the formula 
[X— CH2— CO— Y], although there is as yet no definite 
experimental proof of such a change. The peroxides as 
such ma}^ un(\ergo decompositi^tf into resinified aldehydic 
glycerides and volatile products or be transformed into 
hydroxyketones X-CO-CHOH-Y (Ingle, J, S. C. 7 ., 1913, 
j2), but of this last change there is no definite experimental 
confirmation. The ’ v\ew of the, polymerization €>f the 
products of oxidation tending to durability is supported by 
the fact that the permanency of polymerized oil is superior 
to that of an oxidized in a paint vehicle. 

Lithographic Varnishes and Stand OH.— There 
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would seem to be some confusion as to the exact meaning of 
the term ‘istand oil/’ *flul*st a!id Heaton (“ Painters’ Colours 
and Varnishes ”) state that wher* linseed oil is maintained at a 
high temperaAire for some time in the i)resence of air, but 
without driers, it slowly j)0^ymerizes, thickening to e viscous 
substance of the consistency of honey and consisting largely 
of linoxyn. Andes considers stand oil to be a linseed oil 
tliickened by lieat 6r by superheated steam and a current 
of air. A. C. Wright (''Analysis of Oils,” 1903) states that 
it is identical \fitii lithograjihic varnishes. Extremely 
thick stand Oil is called ])rinter’s varnish in English ; as a 
painter’s material this oil finds no application. Phom a* 
summary of the authorities it is advisable to consider 
stand oil as linseed oil polymerized by heat without driers 
• and without " blowing ” (Oil and Colour Trades Journal, 
I 9 i 3 )> (“vStand Oil ”). 

When linseed oil is heated out of contact with air poly- 
merization ensues with a rise in the molecular weight of 
the oil (Morrell, J. S. C. L, 1915, 105), The following 

table illustrates the course of polymerization in linseed oil 
heated out of contact of air (de Waele). The oil (Baltic oil) 
was heated in an atmosphere of carbon dioxide at 250° C. 

Raw oil 12 hrs. his 77 hrs (solid). 

Sp. gr. 15-5'’ C. . . 09351 09423 09064 — 

i2d., 25® C. . 1-4808 14835 13930 I '4790 

Iodine Value . . 1966 I75'2 1198 — 

Oxidized acuh^'o • • o 78 o 29 0 5 3’24 

Saponification Value . — • — ■ 1907 i860 

Solid acids * . , • 5'25 7 03 — 48-8 

Iodine Value of solid acids 175 — — 86-4 

There was a notable indease in the proportion of solid 
acids ” ; they were, howev^es, transparent and*of a gummy 
consistency. By boiling the solid product with amyl alcohol, 
de Waele obtained an extremely tough insoluble residue 
which had an iodine value of 94 and w^s very resistant to 
the acti(5n Qf alkalies. This observer befieve^ it to be a closed 
chain compound and proposes for it the name of “ cyclolin.” 
(Eewkowitsch, "Oils, Fats and Waxes,” 5th ed., Vol. 3, 
P- 125.) • 


s. 


, ♦ Fachini and Dorta’s acetone method. 


5 
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Morrell has" found {loc. cit.) that linseed oil thickened 
at 260° C. for 2S--60 hours contained 50 per cent, of an oil of 
high molecular weight insoluhle'in acetone. CVn examination 
of the two portions showed that, in addition to polymeriza- 
tion, there was strong indication of alteration in the position 
of the double linkages of the mixed glycerides of which the oil 
is composed. The most unsaturated acids are polymerized 
first. The polymerized glycerides on being transformed 
into the methyl-esters by sodium methylate }deld mono- 
molecular esters of acids which are not identical with the 
normal acids in the oil glycerides. ) The drying power of 
the polymerized oil is much slower than that of linseed oil 
and the viscosity varies according to the conditions of 
heating. Leeds (/. 5 . C. 1894) gives the results of the 
examination of a number of lithographic varnishes. 

Oxidized 


Raw linseed oil . . 

S.G. at 15° C. 

S V. 

I V. 

acids. 

Ilcxabromides 

0 9321 

194 8 

i<>9 0 

03% 

24 17 % 

Tint varnish 

. . 0 9584 


1130 

1 ‘5 A. 


Thin varnish 

. . 0 9061 

Kjbg 

lOO'O 

2 5 % 

2 0 

Middle varnish 

.. 09721 

197 5 

91 0 

4 2 

0 95 

Strong varnish 

.. 09741 

190 9 

86 0 

O5 


Burnt thin varnish 

. . 0 9075 

195 5 

92 7 

0 85 

0 0 

(Burnt thin varnish is obtained by heating the oil 
and allowing it to burn quietly with constant stirring). 

to its flash point 


From the above figures it is evident that polymerization 
has occurred which may be expressed by the following 
scheme, roughly indicating the changes in the orientation of 
the linkages of the unsaturated carbon atoms. 

/A'li A'li \ 

^A"iv = A'lv-yGlyceryl. 

A VI A'vi 

All and A'n — oleic acids 
Aiv and A'ly — linolic acids 
Avi and A'yj = hnolenic acids 

The incorporation of thickened linseed and other dils into 
' varnishes and paints gives a coating of improved protective 
power against corrosion (M. Toch, J. S. C, 1915, 592), 

and Friend has shown that polymerized oils in paints used 
on iron have the same property. The formation of ring 


/An 

Glyceryl^ A iv Glvceryl 

\Ayi 
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complexes consequent ,011 pol>anerization presumably retard 
the breaking down of perc^xides or oxides of the glycerides 
on exposure? to atmospheric agonts. 

Theories of Driers. — The drying of oils is greatly 
accelerated by the jireseni^e of small quantities of metals, 
metallic oxides, and salts, c.g. linseed oil which ordinarily 
takes 3 days to dry will dry in 5-8 hours in the presence of 
5 per cent, of ^iissolved lead. Maity other metals show a 
similar accelerating ^action. Fokin {Scifen. ZeiL, 821) 
places metals in tlic order given in the list ; — 

Co, Mn, Cr, Ni, Fe, Pt, Pd, Pb, Ca, Ba, Bi, Hg, U, Zn. • 

He states that the velocity of drying increases with the 
cube root of the concentration of the catalyst ; a statement 
which must be received with caution because drying is not 
solely oxidation. Lippert (Zcitsch. angew. Chem., 1898, //, 
412), Weger {Chem. Rev. Rett. u. Harz. Rnd., 1899, 301), and 

Kissling {Z. angew. Chem., 1891, 4, 395) showed that the 
‘‘ drying ” was virtually a process of autoxidation and that 
linseed oil could absorb or combine with more than 
20 per cent, of its weight of oxygen. The term “ autoxi- 
dation is given to those processes of combustion in 
ox>’gen or air which take place at the ordinary temperature 
and proceed with a slow but measurable velocity. The 
reaction velocity of the oxidation of linseed oil was examined 
by Genthe (loc. cit.) who found that the increase of weight- 
time curve showed the sinuous character of an autocatalytic 
reaction (Figs. 14 and 15). PTom the nature of this curve 
it must be assumed tha^ some intermediary product is 
formed which exerts a cafaiytic function on the oxidation 
of the oil. This intermediary is a peroxide (Engler and 
Weissberg, Chem. Zeit., 19P3, 1196). The formation 

of the intermediary is accelerated by*ligh.t (Genthe, loc. cit.). 
An eqifation corresponditlg with the curves obtained 
Genthe is of the following form : — 

dxjdt =lL[a —x) {h -Rx) 

a and h ara the initial concentrations of linseed oil and the 
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autocatalyst and x is the amouA linseed oil oxidized ; 
therefore a quantitative relatioi^ship must exi?tf between 
the linseed oil oxidized and the autocatalyst generated. 

Mackey and Ingle (/. 5 . C. L, 1917, j 6 , 319) classify metals 
in the following order of descending powers of drying r 

Co, Mil, Ce, Pb, Cr, Fe, U, Na,' Ag, Zn, Hg, and Al. 


The method emplo3^ed is novel : cottQii wool soaked in 



Fig. 14. — Oxygen Absorption of Oils. 

A. Linseed Oil 

B. ,, ,, +i % Lead Resinate 1 

C. ,, ,, +i % Manganese Oleate | In the dark. 

D. ,, ,, 4-1 % Benzoyl Peroxide j 

F. ' ” :: +i'% Lead Oleate} daylight. 

G. „ ,, Previously exposed to light from mercury lamp. 

linseed oil containing the metal to be classified was placed in 
a cloth oil-tester (J. S. C. 1896, 16, 40) and the time taken 
to attain a temperature of 200° C. was noted. The great rise 
in temperature dufing* the oxidation and dr}dng of an oil 
shows the importance of preventing the accumulation of 
oiled waste rag in a factory where vegetable oils are used. 
The usual method of testing of drying power is that of the 
craftsman who fixes the time when the film becomes satis- 
factorily dry to his finger, which condition is preceded by a 
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dust dry period (Davidson, “The Setting Value of Linseed 
Oil,” Pr(^ P. and F.*Soi^). •Rough though the method is, 
with a pergonal error of hah an hour and a dependence on 
temperature ^nd atmospheric conditions, it is satisfactory 
for practical purposes in the hand of a skilled worker. The 
results in the gain-iii- weight trials on oxidation are to be 
considered as deciding broadly between drying and semi-dr>^- 
fhg oils or bej:wec^i metal and metal as “ driers,” but in 
practice the rate of oxidation is not sufiicient to establish 
the superiority 0^ afty metal. 



Fig. 15. — The Drying td Linseed Oil (diffused daylight.) 

Manganese is considered* by Ingle to be less satisfactory 
than lead, although its oxidizing power is greater, and his 
opinion has much to recori;imend it from general practice. 
From the lists given above it is evident that a metal, which 
can form* more than on^ oxide, acts as a drier or oxygen 
carrier when it is in an oil- soluble form, provided that the 
salts of the lower oxides are more stable than the salts of the 

• w is a constant which is proportional to the initial concentration of 
the auto-catcjyser present. 
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higher oxides. *It has been stated that the more oxides a 
metal can form the greater will^ befits catalytic, activity. 
The metallic driers are catal^ysts, and the term ^,atalysis as 
defined by Henderson (“ Catalysis in Industrial Chemistry/' 

I gig) is more generally used to designate those chemical 
changes of which the progress is modified by the presence 
of a foreign substance : the agent which produces the effect 
is called a catalyst. The theories advaiKed.to explain tht 
mechanism of catalysts fall into two classes . (a) chemical 
and (b) physical. ' * 

The chemical theories of drying depending on the forma- 
tion and decomposition of unstable intermediate products are 
the most favoured, although the importance of the physical 
aspect is growing. On Engler s hypothesis of catalytic 
oxidation (Bcr,, iSijy, jo, i66g), oxygen (actor) oxidizes 
the metal of the drier (inductor), which in turn oxidizes the 
oil (acceptor). In the description of the general properties 
of linseed oil it was ])()inted out that molecular oxygen was 
absorbed at the double linkages with the formation of 
peroxides. The peroxides are components of “ linoxyn/' 
the oxidized skin of the oil. It was pointed out that these 
peroxides may undergo transformation into oxides or yield 
ketones or hydroxy ketones (Fahrion, loc, cit) ; moreover, 
the molecule may be ruptured in the ])resence of hydrolytic 
agents to yield acids and aldehydes (probably polymerized 
with aldol condensation) after the fashion of the decom- 
position of ozonides described by Harries and others. 

:.CH ,CH : CH— CII,Y +0 , = X— CH : CH.CH,Y 



\/ (to oxidize oil) /K 

/ O 

C.CHi.CH : CH CH .Y^XCH,— CHOH CO.CH.Y (hydroxyketone ; the hydroxy 
I „ ketones lose water and form 

63 j , ' lactones and lactides (Green, 

V Aldehyde. Aldehyde. ♦- Ber., IQOQ. 3^59)' 

X.CH^.CHO-f OHC.CH 3 Y (Ingle, J. S. C. 1913, 639). 

From the above it is evident that the peroxide will not be 
the final product of the oxidation of linseed oilj and from 
Genthe's curve with its equation the intermediate peroxide 
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is only a stage in the drying process. From rni investigation 
of the acdon of cerimh sa, 3 ts f)n Chinese wood oil (Morrell, 
J. Ghent, ^c., 1918, i/j, in) it is evident that only half 
the amount c*f ox}'gen is taken up by the oil as would be 
exj^ected from the number of double linkages and that it 
is only after long (fxpos'g.re to oxygen that cerium tungate 
, absorbs an amount of oxygen corrcs])onding to the ])eroxida- 
l^on of all the; do'nble linkages. The acid isolated was a 
peroxide which slowly polymerized. 

XCH : CH.Z-CH*. (!h.Y -hOi,=X.CH : CH-Z.CH.CH.Y 

62 

^ X.CH.CH-Z.CHCH.Y 

I I 

I I Oo 

X.CH.CH-Z.CH.CH.Y 

O2 

It is possible that cobalt and manganese may produce 
superoxidized oil in whicli all the double linkages are attacked, 
and such a condition would not favour durability because 
of the possibility of degradation into simpler molecules. 

It must be again pointed out that the oxygen absorption 
is not the only measure of the drying qualities of an oil as 
instanced by the inferiority of drying of the ethyl esters of 
linseed oil or the free acids or the ethyl ester of jS-elacostearic 
acid (from tung oil) (Morrell, J. Ghent. Soc., 1912, loi, 2082) 
compared with their respective glycerides. The glyceryl 
radicle probably plays a part in the setting, oxidation 
'^he polymerization. To . return to the function of the 
^etal : the metallic elenifcnts act as oxy^geU carriers or as 
nseudocatalysers serving to stabilize or assist in the formation 
cif the autocat aly tic peroxide, and very small amounts 
are able to produce the (irying of large quantities of oil. 
Many theories have beei^ put forward to explain the action 
of the metal and much work has been done by many investi- 
gators, but none are entirely satisfactory owing to the 

Note. — It ha.s been found that the percentage of linoxyn in an oil film 
is higher if the oil has been previously polymerized by heat. — (R. S. M.) 
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difficulty of investigating the pro 4 ucts of the reaction. Ingle 
(J. S. C. I., 1917,^7,319), after r|vieVv^ing earlier wprk on the 
subject, holds the view that in«boiied oil litharg^and linseed 
oil react to form glyceryl * plumbolinolenate* and linolate 
(there is general agreement that the glyceryl radicle is unacted 
on in the drying process). * ^ ^ 

C,H5(OL)i-i-2rbO=PbO,.C,HeOL + Pb(OL), 

/0\ /^ \ * 

LO.CJl/ >Pb + 0, = L0— CjILt )Pb; ' 

LO. LOs^ yO 

>Pb + 0.- >Pb( 

LO' ■ LO- 

/Ox /O CH— /O. O— CH 

LOCgH/ >Pb( +11 >Pb+| I 

CH— O— CH 

(oil) (oxidized oil) 

LO. /O CH— LO. O— CH— 

>Pb:'^ + II >Pb+ I I 

LO'^ \0 Cl I— LO "^ O— CH- 

(oil) (oxidized oil) 

111 the oxidation of cerium t ungale (Morrell, loc. cit.) the 
process of oxidation of the salt was shown to be represented 
by the scheme : — 

O— CHY 

2 CeX 3 '->Ce,OX( 5 ->Ce, 0 (XO.)c+oil-> 2 CeX 3+ 1 | (oxidized oil) 

O— CHY 

The cerous salt changes first to ceric salt which facilitates 
the formation of peroxides of the acid. 

The form in which the catalysts are used varies with the 
requirements, but finely divided metals (except iron) are 
Yery rarely used. (Livache, Compt. Rend., 1883, g6, 250 
and 102, 1169.) 

The metallic oxides and salt^, especially of the dnn> 
oils, acids, and resinates, are generally employed. The iiiv \ 
important inorganic driers are litharge, red lead, and lea- 
borate or the oxides, borate or sulphate of manganes^^y 
Among the salts qf organic acids are the " linoleates )rm 
of lead, cobalt, a^d‘ manganese, lead acetate and manganese®^' 
ojtalate. Iron in the free state or in Prussian blue is usedi • 
in the patent leather industry. 

The physical theory of catalysis seeks to explain the 
phenomena as due to the condensation or increase in 
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concentration, of the reacting substances at •the surface of 
the cataly^, such increase 411 cponcentration being due to the 
action of ^illary forces (Herderson. “ Industrial Catalysis," 
1919). This efspect has been neglected in the consideration 
of paint and varnish drying problems (British Association 
Rcpo'^s, i()2o). The infliKuice of surface ])henomena is 
of great importance and the activity of the metallic driers 
due partly ^to ohemical and physical causes. For a 
discussion of the rival theories reference may be made to 
Mellor’s Chemioftl [Statics and Dynamics " ; and Tewis, “ A 
vSystem of PJiysical Chemistry," Vol. 1 ; also Iv. Rideal, 
‘‘Catalysis in Theory and Practice," i9i().* It must be* 
remembered that substances of a colloid nature are under con- 
sideration in paints, varnishes, and oils, and the activity of 
metals in solutions containing colloids is more active than in 
aqueous solutions. If the surface tension to air of a lead 
drying oil is lower than that of the oil (there is reason to 
believe that this is so) the surface concentration of the 
lead would be increased. A more careful stud}’ of Tivache’s 
method by drying in the presence of finely divided lead would 
establish a connection with the phenomena observed when 
unsaturated oils are reduced with hydrogen in the presence of 
metallic catalysts. It is for the chemist to decide from the 
examination of the products of oxidation the chemical 
changes which have occurred. It would appear that the 
activity of driers is to be attributed to causes put forward 
^by both theories taken together. 

I Methods of Testing the Commoner Drying Oils.-— 
V is impossible to go into, the details of the testing of the 
jpmoner drying oils in this general review t)f their proper- 
Reference must be made to the many text-books on 
A subject. A few English publications may be mentioned. 

Eewkowitsch, “Oils, Fats, and ^ Waxes," 5th edition. 
;fecmilian. ^ • 

Fryer and Weston, “ Oils, Fats, and Waxes." Camb. 
Univ. Press. 1917. 

* Morrell, “Catalysis applied to the Oxidation of Oils,’' JSC. I., 
1920, J9, 153-^ 
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Ingle, Oils, Resins, and Paints/' Griffin. 1915. 

A. C. Wright, ‘‘ Analysis ofOils " Crosby Lockwood. 1903. 

The most recent account afiia fullest in deta^ is given in 
Fryer and Weston’s work, Part 2, to which the reader must 
be referred. Only those methods w 4 iich concern drying oils 
will be indicated here. Usually it is, advisable to determine : — 

(1) Specific gravity at 15-5 C. 

(2) Iodine value. ' 

(3) Saponification value. 

(4) Acid value * ♦ 

(5) Insoluble bromide value of the oils ur their corre- 
' spending acids. 

(6) The drying times of the oil against a standard 
linseed oil. 

(1) Specific Gravity. — With the exception of tung oil 
(0-940), all the diying oils have a specific gravity between 
0-925 and 0-933. 

(2) Iodine Value. — This is a valuable guide as to the nature 
of the oil as will be evident fiom the following figures : — 

Penlla oil : 205-206. 

Linseed oil : 170-200. 

Tun^ oil: 160-170, distinctive odour; somewhat un- 
pleasant. 

Candlenut oil .-164. 

Hemp oil : 148, oil generally of a greenish colour 

Walnut oil : 140-150, characteristic odour of walnuts. 

Poppy oil : 1 30-1 40. 

Soya bean oil : 128-135, a slight distinctive odour and 
high content of saturated acids, (V3-15 percent.), (de Waele), 

Pararubber "seed oil : 138. , 

Sunflower oil : 125-133. 

Menhaden oil : 160-182, fishy odour. Fish oils are 
especially recognized by the insolubility of their brominal^sd 
products in a mixtuib of acetic acid and carbon tetrachloride. 

‘ If the oil is a raw oil, adulteration with non-drying oils 
would be indicated by the iodine value, but a polymerized 
linseed oil would give values much lower, so that other tests 
are necessary. 
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(3) Saponification Valu ,^. — This is generally 186-196. 

•A low sapcmification vahie wouM indieate adulteration with 

petroleum, ^sin oil, and even rosin. 

(4) Acid VMue. — This is foremost oils, 0-2. Generally 
the acid value is a guide as to the grade of an oil and the 
care taken in its extitLctioij * Polymerized oils have a higher 

^cidity and the presence of rosin raises the value con- 
siderably. , • 

(5) The Insoluble Bromide Value . — This is an important 
determination ofte«i cA^erlooked because of the time required 
in carpyung it, out. The principle is the estimation of the 
ether-insoluble bromides obtained from the oil acids or • 
glycerides. From the values it is possible to form a fair 
idea of the proportion of linseed or menhaden oil present in 
a mixture. Tung oil gives no ether insoluble bromides nor 
do the lithographic oils. Linseed oil gives 32-38 ])er cent. ; 
candlenut oil, ii'o ; menhaden oil, 63-64. (Steele and 
Washburn, /. Ind Eng. Chem., 1902, 12, 52.) 

(6) Time of Drying . — The drying times of a lead- 
manganese drying oil against a similar drying oil made from 
linseed oil is a necessary test to be made. The nature of the 
film is of importance. 

The solidification test for tung oil (Browne’s test) is the 
quickest way of characterizing the oil, because the presence 
of 5-10 per cent, of foreign oils can be detected by its means. 
The principle of the method is the coagulation at 282° C. in 
12 minutes of a small quantity of the oil which, when solid 
at that temperature, will show a clean cut when stabbed 
with a steel spatula. • 

It is advisable to test oMs^for added rosin Dr rosin in the 
form of resinates which improve the drying. It can be 
detected by the Liebermann-Storch Reaction (hryer and 
Weston, Part 2, 222). A high acidity would indicate free 
rosin added, otherwise the presence of rosin is due to metallic 
resinates wJiich can be detected by examination of the ash? 

For details as to Linseed Oil Standards reference must be 
made to : “ Some Technical Methods of Testing Linseed Oil, 


Analyst, 1912, j;. 410. 
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( 

Bureau of Standards, Washingiton, U.S.A., 1916, page ii ; 
“Reports of the American ^So(^‘ety* for Testin^Materials/'* 
1915, 417-427. . ^ f 

There are for each oil characteristic properties, for the details 
of which references must be made to the authorities (quoted. 
Sufficient has been given to decid!e .whether the oil is a genuine 
oil by its sp. gr. and saponification value : a genuine drying oil, 
can be recognized by the iodine value ai^.d di;ying time as Well 
as the methods of detection of the common adulterants, e.g. 
rosin and petroleum. To prove the presence of foreign oils, 
which may be suspected, it will be sufficient to axrry out the 
« six main classes of operations outlined and to apply from 
the information gained the characteristic tests given under 
the individual oils. The difficulty of estimating the thickened 
oils in a mixture, especially wood oil, has up to the present 
not been entirely overcome, although thickened oils are only 
partially soluble (50 per cent.) in acetone, and a very fair con- 
clusion can be drawn by that method of separation (Morrell, 
J, S. C. /., 1915, j/, 105). Tung oil may be detected in the 
absence of rosin, tuq^entine, and oxidized oils, by giving a 
port wine colour with iodine monocliloride (Wijs' method) due 
to the liberation of iodine consequent on the formation 
of HCl by the action ICl on the oil. 



Part IlL— RESINS AND PITCHES 
Resins 

The resins are essentially of vegetable origin, being 
exudations of trees of many different genera and species. 
It is only recently that artificial resins derived from coal 
tar products, c.g, Bakelite, Cumarone, and Paraindene 
resins, have been used as substitutes, although for oil 
varnishes the natural resins are still preferred. 

Commercially the resins belong to the class of gums which 
are for the most part produced as exudations of trees. The 
gums, when incorpoiatcd with liquids, form more or less 
viscous fluids which on drying give films of varying protective 
character. They all show the properties of colloids, usually 
forming emulsoid solutions with water, oil or other media. 
Some are completely soluble in water, others swell up to 
give jellies, whilst others are unacted on. The colloid 
properties of gums are in many respects similar to those of 
glue or gelatin, which is a typical colloid containing nitrogen, 
and is of animal origin. The “ resins " can be readily 
distinguished from the true*“ gums ” by the following simple 
methods : — 

(1) When a resin is held in a flame it takes fire and burns 
with a smoky flame giving off an aromatic odour. A gum 
similarly treated chars and smells of buriA sugar. 

(2) A r«sin placed in water is unaltered*, whereas a gum 
dissolves or forms a jelly. 

(3) When a resin is allowed to stand in methylated spirit 
or in turpentine it disintegrates and dissolves either partially 
or completdy. A true gum is unacted on by these solvents. 

77 
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(“ Selected Reports from the Scietitific and Technical Depart- 
ment of the Imperial Institute// Part 3, Gums^nd Resins, 
No. 63, 1909.) , ' ^ / 

Although only the resins are the important ingredients 
of varnishes a passing reference Ao several of the tru^gums 
is advisable. 

Gum Arabic is obtained from varieties of acacia and* is*' 
known in the trade under many forms, e.^.^Turkey, White, 
Sennar, Kurachee, Mogador, Wattle, and Senegal. These 
forms are all more or less soluble in water and swell up in 
that medium. They are insoluble in alcohol and on boiling 
with dilute sulphuric acid give a sugar (pentose or hexose), 
thus showing their carbohydrate nature. The best qualities 
are used for pharmaceutical, confectionery, and other 
purposes, whilst the commoner qualities are in demand in 
textile industries, as a binding material for artists’ water- 
colours and for mucilages. 

Gum Tragacanth is obtained from various species of 
Astragalus, indigenous to Greece, Asia Minor, Syria, and 
Persia. The gum flows freely from the stems when they are 
wounded. It is softer than acacia and cherry gums. Like 
gum arabic it gives a viscous fluid with water and is hydro- 
lysed by dilute sulphuric acid to yield sugars. It is used 
as a thickener in calico printing and as a vehicle in many 
pharmaceutical preparations. 

Reference must be made to the Balsams which are 
solutions or emulsions of resins in oil esters, e.g. esters of 
cinnamic or benzoic acids. The well-known Canada balsam 
contains 18 per cent, of oil enters, and Copaiva balsam 
contains as much as 60 per cent oil esters. Other important 
balsams are Peru balsam and Mecca balsam. The balsams 
may be thick or thin fluids possessing usually a characteristic 
odour. 

The Resins are exudations of- trees (the vegetable origin 
of lac is disputed) . The majority are used in varnish making. 
About five-sevenths of the total imports of varnish gums or 
resins into the United Kingdom are obtained from Imperial 
sources. In 1908 the imports into the United Kingdom were 
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valued at ^2, 803, 535 ; the^^ included shellac? from India, 
kauri from|New Zealand, from British West Africa, 

animi from Amzibar, and daniihar and copal from Singapore. 
Most of the Zanzibar animi is collected in German Hast 
Afric^and a large part of thc^ Singapore copal comes from the 
Dutch East India possessions. The resins are more or less 
-hard (elemi is soft), friable or brittle, transparent or lustrous. 

* They are ins«lublfi in water ; some are soluble in alcohol, 
ether, or benzol ; others require strong fusion before they 
can be incorporate with solvents used in varnish making. 
The researches of Tschirch and his pupils have thrown light 
on the composition of the resins, but a fuller investigation 
is necessary and a careful comparison of the components 
and of the decomposition products is very desirable. Gener- 
ally the resins contain acids Resinolic Acids/’ Tschirch), 
e g. rosin (colophony) contains abietic acid, amber contains 
succinoabietic acid from which succinic acid can be isolated ; 
dammar yields dammar olic acid C5(5HgoOg ; Zanzibar copal 
contains trachylolic acid CgeHggOg. Some acids are mono- 
basic, others dibasic. 

All important component aie the resenes (Tschirch), 
which are oxygenated bodies, neither alcohols, esters, nor 
aldehydes. They are insoluble in alkalies and their inertness 
renders their presence in resins of great importance for 
varnish making. It has been suggested that the resene 
content is of value in estimating the quality of a varnish 
gum. 

Elemi contains elemic acid €35114504, and aniyrin resene 

€26K42€. ^ 

Dammar contains daAiinarolic acid Cs^HgoOg, and 
a-resene C11H17O, / 3 -resene €3111520. 

Mastic contains an acid € 2 oH 3202 , and masticin resene 

€20^320. ^ 

Eac Contains an acid, aleuritinic acid ‘(G13H26O4), and a 
resene. 

From the resin esters (resines), resin alcohols (resinols 
and resinotannols) have bejen isolated by Tschirch and his 
collaborator^. 
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Amber codtairi’S a succinoresi-nol C]2H2oO»: m.p. 275° C. 

Pine resin contains a pino/esiipl CioHigOe : 80-90° C. 

Elemi contains a and jS-ardyrin C30H49OH. / 

Eac contains resinotannol ester of aleuritinic acid Cj 3H26O4. 

Sumatra benzoin contains suniaresinotannol C 1 gH 1 9(^3 (OH) 
(which yields picric acid with nitric acid and pyrocatechuic 
acid on alkali fusion). * '*• 

From Tschirch's investigation it is el^ident that the resins 
contain resinolic acids, resin esters, and resenes. 

The most important characteristics *of the resins are 
colour, hardness, lustre, and s])ecific gravity. * Some resins, 

' e.g. mastic, occur in droplike pieces as the resin flows from 
the tree, others in short cylindrical pieces agglomerated 
together as in sandarac, and yet others in large irregular- 
shaped masses as copal gums. Eac may appear in stick 
form from the twig on which it has been produced by the lac 
insect. ' In the trade the resins often appear in artificial 
forms due to previous treatment in the country of the 
source, e.g. shellac in thin plates, dragon s blood in sticks. 
The surface of a resin is often characteristic. Weathering 
of the surface produces a goose skin appearance as shown in 
Zanzibar copal. 

According to Wiesner (“ Die Rohstoffe des Pflanzen- 
reiches") not one of the resins from plants is a chemical 
individual but a complex mixture. Mastic, sandarac, and 
dammar appear to be homogeneous : crystals are sometimes 
found in a matrix of resin as in elemi and Fichtenharz. The 
fracture of the gums is characteristic and conchoidal, some- 
times lustrous or dull, c.g. Zanzibar copal shows dull and 
lustrous altej-nations. Benzoiij, ‘yellow accroides and others 
show almond structure with agglomerates of coarsely 
rounded masses. 

The colour is very varied from colourless to the red 
of dragon’s blood, 'the yellow of gamboge, and the’olack of 
sdme varieties of rosin (colophonium). Generally the colour 
is yellow to brown. The lustre is vitreous, but it may be 
waxy as in the so-called almonds of benzoin. Some copals 
are entirely lustreless. 
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The most important charp.cteristics are hardifess, fusibility, 
and solubility in solvents. • 

Hardness '^According to Wiesner (loc. cit.) the hardness 
of the copal resins lies between gypsum and rocksalt ; only 
the best copals are harder than rocksalt and a few, c.g. elemi, 
are so* soft that they can, t)e worked in the fingers. The 
^jy:er varieties have low melting points ; vSiam benzoin 
melts at 75^^ C., yiiiif^t the hardest copals (Zanzibar) do not 
melt below 360° C. Generally the less fusible gums give 
the hardest coatings.* Shellac gives a hard coherent layer 
whilst the fusijDle coloi)honium is easily rubbed up by the 
finger. In hardness and fusibility there is a wide range. 

The solubility is important in deciding the uses of the 
resin : some resins are readily soluble in methylated spirit 
and are used for spirit varnishes, viz. shellac, sandarac, 
colophonium, and the softer varieties of copals. Others 
such as dammar and mastic are soluble in turpentine. 
Ether, benzol, and acetone are solvents for a number of resins. 
Copals are generally insoluble in vegetable oils until they are 
fused, but they will dissolve easily in the acids obtained from 
drying oils and in the drying oils themselves after the resins 
have been run.'' In petroleum ether they are insoluble 
or sparingly soluble. (Compare Table of vSolubilities, p. 87.) 

The Formation of Resins in the Plant. — The resin 
secretion cells of a plant may be stimulated by wounding 
to give a flow ; even if the plants show no such secretion 
cells normally, these cells can be generated, as in liquidambar, 
styrax and benzoin, by destroying the new wood, whereby 
the flow of balsam can be continued for years if the wound 
is enlarged from time to timc^ , (Tschirch, “ Harze u. Harzbe- 
halter"; Wiesner, “Die Rohstoffe des Pfanzenreiches " ; 
Eivache and McIntosh, “The Manufacture of Varnishes," 
Vols. 2 and 3 ; Dieterich, “ Aflalyse der Harze.") 

Tschiich favours the vie^ that lac is i Secretion from the ^ 
lac insect an& not a direct exudation of a tree caused by the 
insect. It is evident that the production of resins is akin to 
that of the rubber latex referred to in Part I. of this volume. 
It is chiefly in connection with the oleoresin from species 
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of pine that the production of resin has been systematically 
studied. The output of turpentine resin is larg^ compared 
with other resins. Many forms of copal are of 'fossil origin, 
whilst the softer copals frdm living trees a're collected by 
aborigines, and little attention is paid to improving the 
yield or extending the cultivation of the parent tree. 

Classification of the Resins. — In view of the com- 
plexity of chemical composition of the resins and in spite of 
the investigations of Tschirch and his pupils, it is difficult 
to classify them so that differences in chemical composition 
will go hand in hand with their properties^ which are of 
industrial importance. Bieterich proposes the following 
classification : — 

(1) Resins which are esters of the aromatic series, either 
containing free acids or not, eg. benzoin, dragon’s blood, 
accroides. These resins are soluble in methylated spirit. 

(2) Resins which are esters of special resin acids with or 
without free resin acids : turpentine oleoresin, mastic, 
elemi. These are soluble or partly soluble in methylated 
spirit or soluble in organic solvents. 

(3) Resins which are free acids containing resenes, 
e.g, copals, dammar, sandarac, and colophonium. 

For practical purposes the scheme adopted in Hurst’s 
text-book (2nd edition) is more useful, viz. : — 

(a) Oil varnish resins, {b) spirit varnish resins, (c) resins 
soluble in special organic solvents. 

Unfortunately there is considerable overlapping in this 
simple classification. In the first class appear the copals, 
which are recent or fossil resins produced in prehistoric 
forests or dug from the soil in what is still a forest region* 

The changes which have occurred in the secreted or 
exuded gums are not understood. Undoubtedly there has 
been a reduction in acidity : with polymerization, or coagula- 
tion, oxidation has occurred (the resenes are inactive oxides) , 
but moreover with such a mixture of components in a colloid 
complex it is unwise to speculate. The recent copals, 
including manila, pontianak, etc., are not in demand by the 
makers of high-class oil varnishes, but their softer varieties 



are soluble in methylatea spirit. Rosin (cofophonium) is 
often a c<vnponent of •cheap g)il varnishes when rosin is 
cheaper than^ copal, and espe dally in varnishes containing 
China wood oil. In the class fh oil varnish resins amber 
must be mentioned, although it is no longer used because 
of its price. Tschirth an,d* de Jong [Arch. Pharm., 1915, 

290) state that the main component of amber (succinite) 
is*succiiiorcsene\ which is the cause of its resistance to the 
action of reagents. Amber contains two acids, succinoxy- 
abietic acid Ci9H2if02C00H and succinoabietic acid 
C39H59COOH.. 

The second class includes the methylated spirit soluble • 
resins, lac, sandarac, mastic, nianila copals, rosin, and 
accroides. These are used for coatings, giving lustrous 
films of rather a brittle character and slight durability for 
outside wear. Tac is undoubtedly the most valuable of 
its class, although mastic is prized as a picture varnish 
(“ megilp ") when dissolved in a suitable solvent. 

The third class included many of the second in addition 
to dammar and the oil varnish resins which have been 
fused or “ run." The solvents employed may be turpentine, 
benzol, acetone, or coal-tar naphtha. The above classifica- 
tion is only fairly satisfactory, but it is impossible to adopt 
a scheme based on differences in chemical composition when 
in practice differences of physical properties are of greater 
importance. In the short summary of the properties of 
resins the special characteristics of a few typical members 
of each class will be given. 

(a) Oil Varnish Resins « Copals.— These are essentially 
fossil, recent fossil, and recont resins. Some Tesins classed 
as copals are now a yearly crop and are used in oil varnishes. 
At present the bulk of the copal used for oil varnishes in 
this country is of fossil origin* obtained from Central Africa 
(Congo), Zanzibar (Animi), West Africa (Angola), Manila and 
the East Indies and New Zealand (Kauri). The supplies df 
fossil copals are limited and sooner or later the softer copals 
ol)tained from living trees will have to be utilized. It is 
stated that the supply of kauri copal will last for forty years 
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at the present rate of output (U.S. “Conin^erce Report," 
No. 281, 1915). The resin i« fossil from Dammaxa australis 
(a species of New Zealand pine). The gum o^'tained from 
living trees is known as yotlng kauri and is softer and almost 
colourless. Young trees, when tapped, yield the resin, and it is 
not uncommon to find deposits pf resin in old trees. For 
fresh sources of copals it is probable that the belt of country, 
extending from Madagascar to Sierra'^ Fepne and possibly 
the Gambia will be the most promising. The fossil East 
African copals (Zanzibar, Madagascar*, Mozambique, Lindi) 
are highly prized. The Zanzibar aninii cppal, with its 
» peculiar "goose skin" appearance, occurs in various sized 
pieces but not in large masses like kauri and other gums. 
It cannot be scratched by tlie finger nail : its melting point 
is 240°-250° C., and its " running " temperature is much 
higher. Bottler found the melting point of some samples 
as high as 340°-36o° C. (chapter on “Varnish Making"). 
The East African fossil gums are derived from a species 
of trachylobium occurring in Madagascar, in German 
and Portuguese East Africa, and probably in British East 
Africa. The West African copals (Red Angola and Congo), 
are probably derived from Copaifera mop an e, which 
occurs in the great forests along the Zambesi valley. In 
Southern Nigeria, the Gold Coast, and Ashanti, Daniella 
oblonga is the source, and in Sierra Eeone and French 
Guinea Copaifera guibourtiana. Unfortunately the forests 
have been much depleted by wasteful tapping. All the 
copal obtained from British West Africa comes from living 
trees and is not a fossil resin.*. In Sierra Leone the trees 
are tapped ofl a definite system which consists in cutting 
out portions of the bark about 2 to 3 inches square at mtervals 
of about 9 inches on the surface of the stem and larger 
branches of the tree. The process resembles tapping for 
rubber or turpentine resin, but is more difficulty because 
rubber latex is secreted in lactiferous cells lying near the 
surface, while the resins are secreted either in isolated vesicles 
in the bark or in resin ducts lying in the bark or sap wood ; 
moreover, the trees do not show such a "wound response " 
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as in the case of the Parav^rubber tree, which gives a large 
increase of» latex on secl)nd^^ ta^fping. Restrictions are now 
placed on ua^ystematic tapping and the Colonial Govern- 
ments are endeavouring to increase the production of copal 
by planting trees and improving the yield of the resin (T. 
H. Henr>’, “ Some* Colonial and Indian Resins/’ Proc. 
^mnt and Varnish Soc., 1913). 

The Manila «opals are derived from Agathis loranthifolia 
and appear on the market as Manila, Borneo, Macassar, and 
Pontianak copalsT The trees are tapped by a method 
resembling the “ box ” system used for turpentine resin 
in the United States. In Manila long strips of bark are cut 
from the trees and the exuded resin is collected as soon as 
the latter has dried hard : the same method is used in the 
collection of dammar gum. The softer varieties of Manila 
copals are soluble in methylated spirit, while the hard 
varieties are used by some varnish makers, although they 
have not the popularity of the African copals and the 
New Zealand kauri. The Brazilian copals are not in great 
demand because of their softness. 

The copal resins are graded according to hardness, colour, 
fusibility, ash content, acidity, and loss of weight on 
running.” The following scale of hardness has been 
suggested by Bottler who takes, as standard, Zanzibar 
copal. 

Zanzibar copal, Mozambique, Rindi, Red Angola, Pebble, 
Sierra Reone, Yellow Beiiguela, White Benguela, Cameroon, 
Congo, Manila, White Angola, Kauri, Sierra Reone (new), 
Hymenea [S. America, Brazil, Demerara, from the locust 
tree]. These copals are in drder of descending hardness. 

In lustre and colour the copals are vitreous, transparent, 
dull, colourless to yellow, reddish yellow and black. A 
vitreous gum is preferred to a*dull cloudy fesin. In fusibility 
the hardest i:opals have the Jiighest meltifi^ points. Zanzibar 
melts at 240^-2^0^ C. : West African copals melt at 120*-- 
iSo^'C. ; Sierra Reone, I25°-I37°C. ; Manila and Kauri, 
II5°-I40° C. ; Hymenea copal (fossil), i8o°-200° C., but the 
softer varieties melt below 115° C. The fusibility depends 
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essentially on the age, the new varieties fusing at lower 
temperatures. In view of ‘the^ coihplexity of eomposition 
no fixed temperature can be asl^igned to any varj/;ty. It must 
be pointed out that the resins first soften and then slowly 
liquefy and the running temperature is the point when 
suitable fluidity is attained which may*' or may not coincide 
with the melting point. For each gum there is a temperaturt 
below which it cannot be incorporated with linseed oil. 

A similar case might be quoted in the melting of sulphur 
as regards the necessary fluidity. 'Geherally the softer 
copals are easier to work in every sense of the. term. 

Acidity. — This is a number of considerable importance in 
the evaluation of copals. If a resin mixing is considered from 
the standpoint of a colloid the acidity factor must not be 
neglected. The acidity of a “ run '' gum is not the same as 
that of the native copal : usually it is reduced to half its 
original value. A high percentage of esters is indicated 
by high saponification value (see Table of Constants of 
Resins). 


Constants of Resins. 



Specific 

gravity. 

Melting point. 

Acid 

value. 

Saponifi- 

cation 

value. 

Iodine 

value. 

Softens. 

Fuses 

Kauri, brown 

1-053 

90° c. 

185" c. 

93-0 

_ 

ii 9’5 

,, fused 


— 

— 

63*0 

— 


Manila, hard 

I 065 

80° 

190° c. 

72 8 

227 I 

90-6 

,, soft 

i-o6o 

45 ^^ 

120° c. 

145-2 

— 

— 

Dammar, Bata^’lan 

1-031 

— 

100° c. 

(20-35) 

47-0 

63-6 

Mastic 

1-057 

— 

95 ® C. 

50-70 

79-1 

64-4 

J[losin 

I 07 

80° C 

» 100° c. 

145-185 

168 2 

112-0 

Copal, Zanzibar ' . . 

1-058 

— 

n 360® C. 

60-65 

92*4 

— 

,, „ ' fused 

— ■ 

— * 

— 

61-0 

37-0 

126-8 

,, Sierra Leone( A) 

1-0645 

— 

195® c. 

— 

84-6 

— 

„ (B) 

1-066 

— 

200° C- 

— 

130-0 

— 

„ Red Angola . . 

i-o66 

90° 

I 45 ®- 3 I 5 ®C. 

129-0 

132-0 

63*0 

,, Benguela 

^ I -0^58 

65° 

I 40°-! 60° 

I 34‘0 

146-0 

60-5 

,, Brazil . . , 

1^053 

50 * 

100° 

112-0 

i5po 

59*0 

„ amber 

1-080 

— 

28o°-3I5° 

15-35 , 

87-0 

62-i 

“ ,, sandarac 

1-073 

— 

145® 

95-160 

174-0 

160-0 

,, shellac ..| 

1-214 / 

— 

i 

63-0 

203-0 

8-24 

„ 'turpentine 







(oleo resin) 

0*856 

— 

130° c. 

69-8 

— 

Ii43*6 
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Action of Solvents on Resins. 


Percenta^s of utsoluble mattei (Co^gnier, "Manuel du fabricant de 
verms, gomt es, resines ”). 



Turpori' 

tine. 

Alcohol 

Ether 

Bdizol. 

Petrol ether. 

Zanzibar copal 

c • 

c 

0 

• 

*.5 9 

7.3 9 

88 0 

Insol. 

iignguela 

69 0 

165 

43 7 

95 9 

,, or almost insol. 

liauri 

77*5 

70 

62 0 

67 0 


Red Angola ♦ 

77 0 

71 0 

88 0 

70 0 


Congo 

OH 0 

25 0 

48 0 

60 0 


Pontianak 

66 0 

sol 

46 0 

63 0 


Sierra Leone ,, 

7fo 

62 0 

48 0 

579 


Manila, hard ,, 

73 0 

56 0 

58 5 

64 0 


,, soft ,, * 

64 0 

sol 

28 7 

580 


Brazilian ,, 

48 0 

38 0 

30 0 

49 5 

.. .. M 

Dammar . . ' 

sol 

29 0 

4 9 

sol. 

Soluble 

Mastic 

sol. 

39 9 

sol. 


Almost insoluble. 

Sandarac 

74 

sol. 


67 0 

Partly „ 

Shellac 

insol 

1 

sol 

insol 1 

almost 

insoluble 

) „ 

Rosin 

j sol. 


sol. 

sol. 

I’artially soluble. 

Elemi 




'• 

Soluble 

Benzoin 

part sol 


'part sol. 

1 insol. i 

1 'art soluble. 

Madagascar copal . 

60 0 

74*0 

O5 0 

i 78 9 

Insoluble. 

,, ,, fused 

4*0 

92 0 

52 0 

' 15 ! 

Partly soluble. 

,, after naphtha- 






lene treatment 

52‘0 

750 

20*0 

40 0 



The ash content ought to be very low. A West African 
copal may contain 0-2 ‘2 per cent., depending on the grading. 

The loss in weight on '' running " is given as more or 
less 25 per cent., but it cannot be relied on, because it is 
entirely dependent on the process employed. Some state 
that the desired conditions of incorporation with linseed oil 
can be effected without loss in weight (H. Terrisse and 
Indestructible Paint Co., S, C, 1 ., 190.:], 2j, 582, and 
1908, 27, 457). The proct^ is essentially d depolymeriza- 
tion, but the complexity of the gums must admit of partial 
decomposition of component acids, with the liberation of 
licjuid hydrocarbons (copal bil) and the •formation of acidic 
anhydrides and lactones. , 

Spirit Varnish Resins 

The second class of resins includes dammar, mastic, and 
sandarac. 
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Dammar .‘—This resin is a typical exudation' from Da 
orientalis, indigenous to DT,itch E3Lst Indies ajid British 
Malaya. It comes into the market in the forry of nodules, 
clear and pale in colour. Bammar is decidedly softer than 
the majoiity of the copals, but harder than rosin. It dries 
with a ‘‘ tack,” and as a spirit varnish iv gives a friable coat 
which can be easily rubbed up as a powder. Black damn;a3L 
is an Indian resin. ' 

Mastic. — This resin is the most important European form 
known with the exception of colophenium. It occurs in 
the Mediterranean littoral, being obtained from Pistachia 
, lentiscus. Much comes from Greece either as cake, large or 
small mastic. The Pistachia has a marked wound response, 
so that under good conditions a tree may yield 8-io lbs. per 
annum. Mastic is used as i)icture varnish, and with boiled 
linseed oil forms megilp,” the well-known artists’ medium. 

Sandarac is a North African resin exudation from the 
Alerce tree, indigenous to North Africa. It is a compara- 
tively hard resin and is used to impart tliis property to 
mixtures with other resins. It is an ingredient of negative 
varnishes, label varnishes, and bookbinders’ varnishes. It 
is soluble in methylated spirit and in ether, but only partially 
soluble in turpentine, petroleum, and benzol. 

Lac. — The most important spirit soluble resin is Lac, 
considered by most investigators to be the secretion of the 
lac insect (Tachardia lacca) which is found on a number of 
species of Indian trees, c.g. acacia, ficus, mimosa, etc. 
The larvae of the insect puncture the bark and feed on the 
sap. The lac excreted graduaHy imbeds the insects, but 
respiration is maintained through passages which contain 
wax penetrating the resin. The females, after fertilization, 
secrete a red fluid, the lac dye, and die on the appearance 
of new larvae. The insects do mot move from that part* of 
the tree on which they first swarm. The production of the 
lac continues until the tree dies. Recently artificial propaga- 
tion of the insect has been resorted to, so as to be inde- 
pendent of casual distribution by birds or other insects. The 
province of Bengal is the most important source of lac, 
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but it is p^o(^uced in Ceylon, Burmah, Russia* with smaller 
Malay Arciiipelago. • , > Greece. Russia 

Lac has several forms in which it comes on to “nut largely, 

(i) Stick lac, (2) Seed lac, *(3) Shellac, (4) BuVmerican 
(5) Garnet lac. ^ is as 

(1) Stick lac is the cru^e product direct from the tree-/\s). 

form of short pieces of twigs encrusted with lac. 

• {2) Seed lac^s obtained by breaking the twigs and remov- 
ing the w’ood followed by treatment of the broken lac with 
warm water whk:h* extracts the lac dye: this may be 
recovered froiji the solution by evaporation. 

(3) Shellac is obtained from seed lac by fusion and* 
straining the melted lac through cloth bags. The molten 
lac is spread over the surface of a metal or porcelain cylinder 
and detached with a knife when solid. Orange shellac is 
sold in the form of flakes and is the best quality. 

(4) Button lac is shellac in large round flat pieces of a 
dark ruby colour. 

(5) Garnet lac is a variety which has been deprived to a 
very large extent of “ wax " and appears in the form of 
thick flat pieces. 

The native methods of treatment are very crude and 
have been replaced by modern methods in several of the 
Indian factories. The uses of shellac are given in the chapter 
on spirit varnishes. 

Stick lac contains 66 per cent, resin, 6 per cent, wax, 
6 per cent, gluten, and ii per cent, colouring matter. Lac 
is soluble in methylated spirit, giving a turbid solution due 
to insoluble wax. It is i^isoluble in petroleum spirit but 
partially soluble in ether, ‘cliloroform, and thrpentine {vide 
Constants and Solubilities, p. 87). 

Shellac always contains rosin ; which is added in the manu- 
facture to lower the fusion temperature ^f the lac ; orange 
shellac •usually contains j-2 per cent*, garnet and button 
lac from 10-20 per cent. Increasing amounts of rosin render 
the shellac coating friable and powdery. Comparison of 
the iodine values of shellac and rosin (see Constants) indicates 
a method for estimation of the added rosin. 
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Dammar/— Thisp[ig(j to a v^jarm metal surface, gives a 
orientalis, indig^^-^ which, mdoo^rs, is a very vakiable pro- 
Malaya. IJufg. In a damp atmosphere it disintegrates and 
clear and^ outdoor work! The him becomes rough and 
the mrj.y regain its form on drying. As a 

witJd priming undercoating on \v^ood under varnish it is 
satisfactory, especially if the woodwork contains knots, b«f 
it is stated to be inadvisable to prime kn/)ts with shellac 
previous to the application of paint (Gardner, ‘‘ Paint 
Researches," 1917, p. 347). Its electri? insulating properties 
are high. Shellac is soluble in alkalies, alkalvie carbonates, 
'and borax. This property is utilized for the preparation 
of shellac water varnishes and to produce a bleached shellac 
soluble or partially soluble in alcohol. 

Weak alkaline solvents remove the colouring matter from 
the crude shellac. It is remelted and pulled out in warm 
water. To bleach the shellac it may be dissolved in alkalies 
and chlorine passed in. The precipitated lac is collected, 
melted under water, and, when soft, is pulled so as to give 
it a fibrous satinlike appearance. The bleached shellac 
has to be kept under water to prevent it losing its solubility 
in spirit, and even under these conditions it gradually 
deteriorates. The spirit soluble form is a component of 
the so-called colourless lacquers. Bleached shellac is rarely 
completely soluble in methylated spirit. A lac water varnish 
is a water solution of shellac or bleached shellac in borax ; 
it makes a good waterproof paper varnish. 

Turpentine, Rosin, and Rosin Oil. — There is frequent 
misunderstanding in the nomenclature of the products of 
the resinous exudations of the, Varieties of Pinus. Turpen- 
tine was the name given originally to the exudations which 
are semifluid and in their raw state appear in the market 
under such names ^fs Xenice Tui^entine or Strasburg Turpen- 
tine. On distillation^ of the oleore»sin, turpentine^oil spirits 
6 i turpentine ") is obtained. The non-volatile product 
is rosin (colophony, colophonium), which on (fry distillation 
furnishes a volatile rosin oil and a residue of rosin pitch. 
The turpentine used in Europe is practically all obtained 
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from the United States, france, and Russia* with smaller 
quantities^froni Spain, Port^igaV, Algeria, and Greece. Russia 
is the only country which c?in increase its output largely, 
although Russian Turps is less* popular than the American 
variety for reasons stated below. Central America is as 
yet an undeveloped are^ (Mexico and British Honduras). 
-Within the British Ihnpire, Honduras and India possess 
pines which yield a flowing oleoresin, but in India the 
industry has been developed only for the home market. 
The yield of crude ^esin (gum thus) varies with the species 
of Finns. Hi America incisions are made in the trees in 
winter and in March the sap begins to flow. The resin i? 
collected in suitable boxes attached to the trees. After 
four years’ tapping the trees are felled and used for lumber. 
The system has to be as carefully controlled as in the case 
of rubber ; if the tapping is too drastic the tree dies or the 
yield falls off, moreover, replanting of the trees must be 
systematically maintained (Tschirch, ‘‘Die Harze u. die 
Harzbehalter ”). The most important American varieties 
of turpentine-yielding pines are : Pinus australis (Georgia 
pine) and Pinus iceda (the loblolly pine). It must be 
pointed oiFHhat resin is found in all varieties of pine, but 
only a few give a flow of sap after incision of the bark. Five 
hundred gallons of crude turpentine oleo resin yield 125 
gallons of turpentine and the residue is rosin. The Central 
American pine is Pinus Cubensis. The French variety is Pinus 
maritima and in that country the turpentine industry is more 
carefully regulated than in America. In the neighbourhood 
of Bordeaux, in the Departments of Les Landes and Gironde, 
the cultivation in the shifting sands of the .Gascon dunes 
has been developed since the end of the eighteenth century.* 

Russian turpentine is obtained from Pinus sylvcstris 
b^ methods which are wast^ul and primitive in comparison 
with tliose^adopted in America and Fr^nte. 

In Russia and Sweden pine stumps are placed in trendies 
dug in the ground having iron-sheeted bottoms under which 

* For a comprehensive account of the French turpentine industry 
cf. Joly, Proc. Oil and Colour Chemists’ Assoc., 1920, /j, 149. 
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fires are starred to distil the tijrps from the'^ stumps. In 
India there are large tracts o£ pine forest in the P, unjab, the 
United Provinces of Agra and Oudh. The 'production of 
turpentine in 1911 in the Jnited Provinces amounted to 
27,000 gallons, all consumed in the country. Unfortunately 
it is slower drying than the American variety, containing less 
volatile terpenes {P\ M. Perkin, Paint and Varnish Soc., 191;^ 

It is evident that unless the cultivation. .of the tree and 
the extraction of the resin is carried out in an economical 
manner shortage will occur and ])rices will rise. There 
are many resin-bearing species of Pinus, c.g. l^inus palustris 
(long-leaved pine) and the Douglas fir (British Columbia), 
which do not give any yield on tap])ing, but the resin may 
be extracted by destructive distillation or by steam distilla- 
tion. Another source is the by-product in the wood pulp 
industry, especially in vScandinavia. Wood turpentine is 
marked by a peculiar wood essence-like smell and apart 
from this possesses the main properties of turpentine, but 
is always coloured. On an average gallons of turpentine 
are obtained from too cubic feet of wood. 

The oleoresins from the genus Pinus may be used as such 
or distilled to give turpentine and rosin (coloi)honium) . 

Canada balsam is the oleoresin from Ahics (Pinus) 
Canadensis: Strasburg turpentine from Ahics pectinata 
(silver fir) ; Venice turpentine from Pinus larix (larch). 

According to Tschirch (loc. cit) , Canada balsam (a typical 
oleoresin) contains ; canadinic acid, 13 per cent. ; canado- 
linic acids, 48-50 per cent. ; canadoresene, 7 per eent. ; 
essential oil (turpentine), 23-24 i?er cent. 

The flowing oleoresin fron? the pines of Franee and 
Ameriea, etc., is exuded as a transparent liquid which 
becomes viscid and turbid in contact with air. Generally 
it has the consistency of honey; and is coloured and turlfid. 
The oleoresin from Pinus maritifia contains 18 p^r cent. 
tui*pentine, 70 per cent, rosin, 10 per cent, water, and 2 
per cent, impurities. The yield of oleoresin is variable 
with the species ; Tschirch gives 20 per cent. (French and 
American), Schkatelofi gives 13-20 per cent, for Russian pines. 
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To obtain* turpentine^rom the oleoresin it*is distilled in a 
current 0^ steam unden conditians which vary locally (vide 
E. M. Perkin, Voc. cit.). \\'f)Ofl turpentine oil is obtained by 
the destructive distillation of ti^e stumps and consequently 
many additional products are obtained, e.g. wood alcohol, 
acetic acid, creosote! hcav^ oils, charcoal, but no rosin. In 
^itish Columbia the pine wood is distilled in brick retorts 
electrically heated and the tem]:)erature controlled so that 
it does not rise above 205° C. The ])roducts are turpentine, 
rosin, tar oil, ta^, find charcoal [Livache and McIntosh, 
Manufacture of Varnishes,” Vol. 3, 2nd edition]. 

Turpentine is a mixture of terpene hydrocarbons and its, 
composition varies with the source. In America turpentine 
dextrO‘pinene, CiqHig, occurs ; French turpentine contains 
terebenthene (lajvo-rotator}^), CjoHio ; Russian turpentine 
contains sylvestrene, CioHk',, which is dextro-rotatory. 

Wallach and his pupils have made a close study of the 
natural terpenes, and of late ^xars a number of terpene 
hydrocarbons have been synthesized by Perkin, so that the 
structural formula: are fairly well established. In practice it 
is rarely necessary to isolate any of the characteristic deriva- 
tives of the terpenes and the standards given below are 
adequate : — 


SG 15® C. [AbO]. 160M 
American turpentine 0*862-0 87 86-88® F. 72-78 
French turpentine . . o 864 „ „ 

Russian turpentine o 861 93® F. 8 0 /, 

American wood tur - 1 o-8sq 

pentine . . . . 1 t ” 


Flash point boilmt' hdow % fiaction boiling 
[Abtl]. 160“ C. below 170® C. 


below 170® C. 

95-97 % 

/<^ 5 % below 170® C. 
180% „ i75®C. 

(below i7o®C. — 35% 

„ 175 ®C.- 8 oO/, 

|g,bovei8o®C. — 20% 


It must be remembered that pinene undergoes decomposi- 
tion above 250° C. and gives resinous products, so that care 
ha€ to be taken not to exceed that temperature during the 
dry distillation of wood. ^ • » 

The terpenes are ring compounds containing unsaturattd 
linkages and asymmetric carbon atoms, so that the variety 
of their derivatives ' is great and their activity is very 
marked. 
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Constants of I^erpenes, 

B.P. S G. Hydrochloride. Nitrosochlonde. 

Pinene .. iss-ise^C. 0-857/20'’ j'CioHieHCl, m p 125* C. CioHjjNOQ, m p. 

Sylvestrene . . 177° 0-851 +66-3 Cj()HjgNOCl,m.p. 

, ' i ni p 135" C. 1 io6'’-7- C. 

Limonene .. 176° 0846 +10G8 CjnlljjBr^ rn p. 104“ C. — 

Phell'indrene i7o°-2° C. — — nhrite, in p. "03'’-4‘’ C. — 

The properties of the last two are mentioned because .of 
their connection with the products ot the. “ running " of 
copals. 

The important properties of turpendiit from a practical 
standpoint are : (i) solvent properties for oils and resins ; 
„ (2) drying properties and action as a catalytic oxygen carrier. 
Turpentine is a good solvent for sweated copals, rosin oils, 
for metallic salts of drying oils and metallic resinates, e.g. 
manganese linoleate and manganese resinate. 

American and French turpentine evaporate easily at 
the ordinary temperature, leaving a slight greasy residue. 
Russian turpentine leaves a much larger greasy residue, 
similarly wood turpentine, so that these two varieties are 
not considered to dry hard. Turpentine absorbs oxygen 
readily from the air forming a peroxide : when pinene is 
exposed to the air and light sobrerol, C10H16O2, is formed 
(Armstrong). No doubt during the evaporation of turpen- 
tine greasy oxidation products are formed which may bind 
any dissolved resin ; generally speaking any catalytic 
oxidizing powers may be considered small compared with 
those of drying oils (cf . Turpentine Substitutes) . 

Turpentine Substitutes 

With the steadily rising price of turpentine and the 
prospect of' world shortage, unless the cultivation 
of the pine forests is methodically organized, it is only 
natural that substitutes for turpentine will be welcomed. 
The requirements are solvent powqr equal to that of ^turpen- 
tine and air-drying power as rapid, leaving little or no volatile 
residue. The flash point must be above 73° F. to conform 
with transport requirements. The smell must be pleasant 
and resemble that of turpentine as much as possible. The 
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basis of turpentine subititutes nowadays i^ a petroleum 
blended wi^h turpentine*in varying amounts. If a petroleum 
can fulfil the 'above requii^iyents the use of turpentine is 
unnecessary. A short reference must be made to several 
factors which are of considerable importance. 

The petroleums are generally not such good solvents for 
gj^m-oil mixings or for metallic driers, nor have they the same 
viscosity and flow fis turpentine. From the experiences 
of the 1906 Test Fence of the North Dakota FNperimental 
Station (Ladd and Washburn, Bulletin, 1915, i, 73), the 
substitution of petroleum for turpentine does not give the 
same results as where turpentine in moderate amount is 
used. It is probable that the slight greasy residue of 
oxidized turpentine facilitates the retention of the resin in 
solution (raw resins are more soluble in oxidized turpentine 
than in turpentine) . Friend [loc. til.) finds that for paints on 
iron turpentine and petroleum media are equal. The petro- 
leums offered are so varied in composition that for comparison 
only volatility tests can be carried out ; generally the presence 
of aromatic hydrocarbons tends to improve their solvent 
power. There would appear to be no definite evidence that 
turpentine assists the catalytic oxidation of the gum-oil drier 
mixing. It was supposed that any kind of petroleum would 
cause “ bloom in varnishes, but this is incorrect. For the 
estimation of petroleum in turpentine cf. Lunge and Keane, 
“ Technical Methods of Chemical Analysis, " Part i, Vol. 3, 
also Chem. Zeit. 1918, ^2, 349-351. 

Colophony (Rosin). — In the distillation of turpentine 
oleoresin in a current of steam, after the turpentine 
has come over, rosin is left in the stills. The purification 
of French rosin includes (i) drying to expel Vater, which 
would otherwise leave the rosin opaque, (2) filtration of the 
fused rosin, (3) moulding whereby the filtered molten rosin 
is run into suitable moulds, (4) bleaching .bv exposure of the 
moulded rosin to the sun’s rays (Livache and McIntosh, he. 
cit.). Rosins are graded according to paleness; ''window 
glass " rosin is clear and of a pale amber colour ; common 
rosin is clear but darker ; black rosin is opaque and very dark. 
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Rosin coniains abietic acid C20H40O2, wiMi its isomers 
pinic acid and sylvic acid S^Af, fabr., 191^, j 6 , 545 ; 

Z. angcw, Chemie, 1915, 2^, 415).^ 

American rosin containo 90 per cent, pinic acid (m.p. 
70° C.) and sylvic acid (m.p. 122° C.). Pinic acid has been 
isolated in three varieties, a, y, with different melting 
points, y-pinic, sylvic, and y-abietic acids are soluble jn 
petroleum ether while a and / 3 -pinic* acid^ are insoluble. 
Abietic acid from Spanish rosin is identical with the acid 
obtained from American colophony (Blanas, J. Chem. Soc., 
1915, loS, 1493). 

, The formula C20H30O2 proposed by Fahrion [Chem. 

C.CH3 C.COOH 

/\ /\ 

HC c:h-c ch 

i I I 

H2C C|H— C CHo 

\/ \/ 

C3H7.HC CH.C3H7 

Revue, 1913) was put forward by Bischoff and Nastvogel in 
1880. As in the case of the copal resins much research work 
is yet needed in elucidating the composition and formula of 
abietic acid and its isomers. 

Colophony (colophonium) contains resenes which in 
the case of copal resenes may be regarded as oxypolyter- 
penes formed from terpenes by simultaneous oxidation and 
polymerization. In spite of uncertainty of its formula sufficient 
is known to connect its probable structural formula with its 
most important practical uses. It is an acid resin, soluble 
in most organic solvents, giving a lustrous film of low dura- 
bility and hardness ; it is an unsaturated body, able to absorb 
oxygen and reacting with metals, e.g. lead, manganese, ^nd 
cobalt, in the same ,Way as the drying oil acids, f.g. as an 
oxidizing catalyst. In this connection the resinSites of lead 
and manganese and cobalt are largely used ; they are soluble 
in turpentine and to a slightly less degree in the turpentine 
substitutes. The tackiness of rosin films can be corrected by 
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addition of liiAe or zinc oxide whereby the film is hardened, 
but it is praiie to hydrol 5 ^sis»by Vater. 

Rosin esters can be obtained by condensation of alcohols 
under various conditions, e.g. gf^’cerol, resorcin, napLthol. 
The ester gums are pale in colour, unacted on by water and 
can be easily incor|iorated%with oil, thereby impioving the 
wa^r-resisting properties of the him. The properties of 
ester gums have*been investigated by IvUis and Rabinovitz 
{J. Ind. Eng. Chem., 1916, S, 406), with special consideration 
for preventing '' livermg of the vehicle in the ])resence 
of pigments. This paper is of interest in giving a summary 
of the published work to date. Rosicki [Farb. Znt., 1913, 
1194) considers that the reduction in the acidity of the 
resins is a necessaiy^ condition, whereas Muehle (ibid., 1913, 
119, 1944 ; 2058 and 2178) is of opinion that the coagulation 
livering ") is due to association of copal particles rather than 
to the formation of insoluble salts, because he was unable 
to produce varnishes from Congo and Manila copals which 
would stand the addition of pigments either after esterifica- 
tion or reduction in the acid value. Meguele (ibid., 1913, 
2230) considers there is truth in both views and the verdict of 
practical experience will suj^port him. 

Rosin Oil. — When rosin is heated in a closed vessel it 
undergoes destructive distillation ; the heating may be by 
direct fire with or without introduction of superheated steam. 
The conditions of distillation modify tlie proportions of the 
products. The products consist of : — 


Gas 

Acid water 
Rosin spirit 
Rosin oil . . 
Pitch 


Fir<' heat and super* 

Dry distillation. heated steam. 

5 4 9 ^, " , — 

2 5 % (containiijg lo % acetic acid) — 

31' ‘150 

. 85 I 64 % 

3 9 


'the rapidity of the distillation has an effect on the propor- 
tion of the products. Hard rosin oil is produced when the, 
distillation is conducted rapidly and during the first stages 
of distillation, whilst spft rosin oil is produced when the 
process is conducted slowly and during the middle period 
of the distillation. The gas is of value for illuminating 
. s. -7 
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purposes, and from the acid wfter calcium acetate is pre- 
pared. The properties of ro^n p^*tcH will be referred to under 
“Pitches.” In France the addition of lime to the rosin 
causes an alteration in the composition of the products. For 
the paint and varnish industry the demand for rosin oil is 
insignificant compared with its utilization as a lubricant. 
The better qualities of rosin oil hav^ no drying properties 
and the crude varieties are feeble in that respect. 

Rosin spirit is said to contain a fluid hydrocarbon 
C7H12J b.p. 103-4° hexylene and amylene occur 

in light rosin spirit. Rosin spirit may be present in turj)s 
substitutes, but if the latter contains rosin oil it will dry 
greasy and will not distil over below 250° C. 

Chinese and Japanese Lacquer. — There are two 
genera of plants belonging to the natural order Anacardi- 
acecB containing species which, on being tapped, yield a 
sap largely used in the Fast as natural varnish or lacquer ; 
these are Rhus, which yields J apanese lacquer, and Melanor- 
rhea which produces the black varnish of Burma. The J apan 
lacquer is characterized by — (i) hardness, which increases 
with age, (2) lustre, which is retained under varying atmo- 
spheric influences, and (3) resistance to the usual agencies 
which attack varnishes {Bulletin of the Imperial Institute, 
1910, 8 , 32). The tree which yields Japanese and Chinese 
lacquer is Rhus vernicifera. It is found in woods at an 
elevation of 4000 feet and cultivated along the margins 
of fields or valley bottoms. The tapping of the tree for 
sap resembles that of the Pinus for turpentine oleoresin. 
Large quantities of the varnish pass annually through the 
Port of Hankow. In 1908, 2,479,702 lbs. were exported, 
the bulk of which went to J apan. The raw varftish, which is 
frequently adulterated with Tung oil, is known in J apan as 
Ki-urushi. When first collected the sap is of grey-biown 
colour of viscid 'consistency, turning black op exposure to 
the air and becoming coated with a thick tough skin. The 
only method of thinning the lacquer known to the J apanese 
is by adding camphor. The peculiarity of the substance 
is that it hardens only in a moist atmosphere and remains 
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in a tacky coddition if exposed to sunlight 
application in China is p^rfoi-nicfl only in wet \^'eatlicr or in 
a damp atmosphere. Oxygen to 575 per cent.’'liy wciglit 
is absorbed in drying at the ordinary temperature : \ ketlier 
the catrdyst is an ordinary ferment (laccase) or tlie aefy^^^ 
is due to the presence of^ manganese with a proteid-ii^^ 
substance is undecided. For a concise description of the' 
manufacture of •Chinese and Japanese lacquer reference 
may be made to Bullciin of the Imperial hi^tiiutc (loc. cit.). 

The Burmese black varnish or lacquer (thitsi) is an 
oleoresin obtained from the black varnish tree Mclanorrhea 
usitaia. The trees are ta])i)ed, and in general properties 
the lacquer is similar to that obtained from Rhus, although 
slower in drying. (“ Drugs, Oils, and Paints,” 413.) 

The application of the lacquer is said to be dangerous 
to western workers owing to the i)eculiar poisonous properties 
of the resin.* Majima and Tahara {Bcr., 1915, 1593) 

have synthesized hydrourushiol dimethyl ether obtained 
from “ urushiol,” the chief constituent of Japan lac. From 
their investigations Japan lac is an aromatic derivative 
with a long side chain, since hydrourushiol dimethyl ester 
has been shown to have the formula, 

(CH30)2C6H3(CHo)hCH3. 

For durability Japan lacquer far surpasses any othei 
resin known. 

Synthetic Resins. — When phenols and formaldehyde 
(formalin) are heated in the presence of condensing agenti 
substances are obtained which in appearance and propertiej 
resemble natural resins, esf)ecially Indian Igg. The con- 
densing agent may be an acid, an alkali, or ammonia. The 
investigatioh of these substances has been developed b} 
Baekeland and his collaborators. The chief representative 
of file class of synthetic resins is Bak^Hte, which is manu- 
factured in * a number eff forms, each with importani 
properties. An account of Bakelite and its applications 
is |iven by H. Debacle (/. 5 . C. 1913, J2, 559). The 

f Recent experience has shown, however, that the poisonous properties 
uch exaggerated. 
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so-called BaW^te varnishes a^^ solutions oh Bakelite “ A 
in methylat/^d spirit. TKe^ varnishes when ‘stoved give 
hard inso^iuble and infusible coatings of high chemical and 

S nical resistance. vStoved Bakelite lacquer films resist 
tion of methylated spirit, ammonia, and salt water, 
^er they are acid proof .d Bakelite is used for the 
impregnation of coils, armatures for magnetos, arc laj?>ips, 
transformers, etc., because of its great dklectric strength. 
If fluid Bakelite “ A ’’ (Resole) is heated for several hours 
at a temperature of 140°-! 70° C., and a'c a pressure of 10 
atmospheres, it is transformed into transparent, insoluble, 
' and infusible Resite. Generally a filling material is used, 
which is impregnated with the fused resole forming a plastic 
mixture, which completely fills the mould in the press. 
At a temperature of ioo°-200^ C. the resole is changed to 
Bakelite “C” (Resite). Resite is non-hygroscopic and is 
the most resistant of all plasties ; it can be heated to 300° C. 
without decomposition and at higher temperatures it chars 
but does not ignite. It is suitable for pen and pencil holders, 
umbrella handles, cigar holders, etc. 

The Resites are considered by Wohl {Bcr., 1913, ^5, 2046) 
to be polymerization products of methylene derivatives of 
the tautomeric phenol 

CH CH 

CHj.Ch/ )>c=o 

CH~ :h 

Furfuraldehyde can replace formaldehyde in these resins 
(/. 5 . C. 1920, 577A) . In oil varnishes (Albert and Behrend, 
Eng. Pat,, 15875/1914, and G(pr. Pat.,281939/1913) they have 
had only a limited success. A new class of artificial resins 
(cumarone resins) has attracted attention lately. These resins 
are polymerization products of cumene and indene (obtained 
, from crude behzol (b.p. i6o°-i8o° C.) by the ^action of sul- 
phuric acid (Bottler, Kunstojje, 1915, 5, 277, and Krumbhaar, 
^Farh. Zeit., 1916, 21, 1086). The cumarone varnishes are 
said to be tacky, and although they can be hardened by 
the addition of paraindene, yet their durability is poor. 
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Unaccountable ‘.thickening^ ensues when cumarmie varnishes 
are mixed Wth certain pigments. 

The acrylic ‘acid esters prepared from glycerine, lactic 
acid, etc., when exposed to sunlight or ultraviolet light poly- 
merize to varnish- like elastic masses. They are soluble in 
solvents for oils and ‘are st^ated to dry rapidly and not to 
be Readily affected by exposure or by chemical agents 

( j : s . c. 1916, v?5, 698). 

Accroides Resin. — Xantliorrhea, or grass tree 
[Juncaceoi], is confhied to Australia and Tasmania. It is a 
plant with a short thick woody stem, terminated by a tuft 
of long leaves about 3 feet with cutting edges. The three • 
most important species are A^. hastilis and arborca (red gum 
accroides), and X. australis (yellow gum accroides). From 
the trunk of the trees on incision flows a resinous substance 
giving a layer 2-4 cm. thick in the case of X. australis. 
Sometimes fragments detach themselves spontaneously 
and collect at the foot of the tree where they are found 
buried and semifossilized. 

Red gum accroides approximatesDragon’s Blood in colour, 
with a shade approaching brown, possessing an orange 
streak. In lustre, however, it is superior. The yellow 
variety differs only in colour and in structure from the red 
variety (Livache and McIntosh {loc. cit.), Vol. 3, and Seelig- 
man and Zieke, “Handbuch der hack u. Firms Industrie" 
(1914)). Both varieties are soluble in alcohol and alkalies 
but insoluble in petroleum ether, in that respect resembling 
shellac. Xantliorrhea resins seem to belong to the same 
class chemically as Peru balsam, storax, and benzoin. During 
the War it was suggested th^t they might b^ transformed 
into picric acid by comparatively simple nitration. 

Pitches 

• • • 

Pitches. — ^The mineral pitches conapxi^e bitumen or 
asphaltum (French, Asphalte ; Spanish, Asfalto ; German,* 
Erdpech). The term “bitumen " is considered by Eangton 
{Proc, Oil and Col. Chem. Assoc., 1919) to be generic, 
defining a class of substances soluble in carbon disulphide 
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and other niutral liquids and cciisisting of /compounds of 
carbon and hydrogen associate(| frequently with compounds 
of oxygen, sulphur, and hilrogen. Asphalt would be 
regarded as mineral matte! containing bitumen in intimate 
association. 

The artificial pitches or resjdual 'pitches (Richardson, 
J. Ind. Eng. Chem., 1916, , 4) are essentially the products 
of the distillation or destructive distillation of carbonaceous 
material in the form of coal (coal-tar pitch), petroleum 
(mineral oil pitch), resinous woods (vStockholm pitch, rosin 
pitch), vegetable and marine oils (stearine pitch), wool fat 
(wool grease pitch), and bones (bone intch). 

The above list shows their great variety with end- 
less complexity of chemical composition, yet marked by 
characteristic differences as to hardness, blackness, fusibility, 
and brittleness. 

In order of magnitude of production coal-tar pitch is 
the most important. 

Coal-tar Pitch is the residue remaining in the stills 
after the first distillation of coal-tar and amounts to two- 
thirds of the weight of the treated tar or 4 per cent, of the 
weight of the coal carbonized. The lower gravity tars, 
produced at low carbonization temperatures, are rich in 
open chain paraffinoid bodies and give a lower yield of pitch 
than the high gravity tars containing aromatic hydrocarbons 
with free carbon. The softness and hardness of tar pitch 
depend on the conditions of distillation : a harder pitch 
being produced by heating the tar strongly to obtain the 
maximum yield of anthracene distillate and the residual 
hard pitch is graded by addition of creosote or anthracene 
oil. Stewart {Trans. London and Southern District Junior 
Gas Association, 1911-12, 43) states that at high temper- 
atures and with hgl^t charges "a yield of 78 per cent, pitch is 
obtained ; coniinuUl distillation*, from vertical retbrts gives 
'47 per cent , whereas moderate heat and fairly heavy 
charges give 56 per cent, pitch of finer quality and a lower 
content of free carbon. The specific gravity varies from 
T*2 to 1-3. Soft coal-tar pitch softens at 37° C. and melts 
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and be soluUe in turpentine, petroleum, and high boiling- 
point coal-tar naphtha. The spfeci^c gravity Vapes between 
I ‘I and i'2. The pitches softeij at 6o° C. and melt between 
100° and 140° C. A sunimary of the literature on the 
subject may be found in papers by Langton [loc. cit) and 
Donath and Strasser {Chem. £cit., 11893, //, 1788). An 
analysis of a bitumen shows the presence of carbon, hydrogen, 
and sulphur in approximately the following amounts 
which vary with the source : carbon, 74 per cent. ; hydrogen, 
10 per cent ; sulphur, 16 per cent. ^ ,, 

Stearine Pitches. — vStearine pitches are the residues 
from the distillation of vegetable and mineral oils or fatty 
acids. They are of value for blending with bitumens, possess- 
ing high lustre, satisfactory hardness, elasticity and solubility 
in turpentine and in j)etrolcuni. The jhtches from drying 
and semi-drying oils arc usually less soluble in tlie above 
solvents. Cotton-seed oil pitch is made by distilling cotton- 
seed black grease, prepared from the mucilage obtained in 
refining crude cotton-seed oil. 

When unrefined cotton-seed oil is distilled the pitch is 
obtained in the form of a highly elastic spongy mass : this 
elastic cotton-seed pitch can be vulcanized and in that 
form is largely used in electric cables, but the coating is 
apt to be brittle at low temperatures. The harder varieties 
are used in the manufacture of waterproof paper. 

Stearine pitches give a lustrous coating which is brown 
in thin layers ; this defect may be neutralized by incorpora- 
tion with Bone Pitch, an intensely black pitch obtained by 
the distillation of bone oil (DippeFs oil) , produced when bones 
are dry distilled. Bone oil yields about 23 per cent, of hard 
pitch. Alone, bone pitch is nof very soluble in solvents, but 
it can be blended with more soluble varieties. All the 
stearine pitches require sweating before incorporation ip, to 
black varnishes tp^give coatings of satisfactory dryness. 

. Wool grease^pitch is softer than stearine pitch (Donath 
and Margosches, Chem. Rev., 1914, 1904), and is used as a 
lubricant rather than as a varnish pitch. 

Stearine pitches can also be obtained from whale oil 
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fatty acids. It is probalUe that the constituents of stearine 
pitches are,decompositiQn |?roducts of fatty acids and esters 
consisting of paraffinoid hydrocarbons, ketones, polymeriza- 
tion products, and complex esters which are more weather- 
resisting than the original oils. The softness, elasticity, and 
solubility depend orf the source of the material and on the 
coi^itions of distillation. 

• Ozokerite. “i-Among the mineral pitches Galician ozo- 
kerite gives on distillation a hard waxy substance, breaking 
with a rough gramalar fracture. In colour it is dark amber, 
softening at 50 °C. and melting between 85° C. and 100° C. 
Ozokerite and ceresin (the j^roduct obtained by refining , 
ozokerite) are employed as “ finishing wax " and in electric 
cables. Some qualities burnish well and take a high polish 
(Redwood, J. Soc, Arts, 1886, 34 ; Marcusson and Scliulter, 
/. 5 . C. /., 1905, 2^, 491). 

Stockholm or Swedish pitch and Rosin pitch are 

typical products of the distillation of residues of wood tar 
and of rosin respectively. 

Stockholm tar when distilled gives light oils, sp. gr. 0*84- 
0‘88, and about 70 per cent, yield of pitch. The pitch 
is soft with a jet-like lustre, but of a brown colour in thin 
films. It is easily soluble in alkalies owing to the presence 
of phenolic bodies, e.g. guiacol and cresol, which endow it 
with marked preservative and antiseptic properties whereby 
it is largely used in the painting of ships. It enters into the 
composition of many impermeable cements and black var- 
nishes. Prior to 1914 the annual yield from Russian sources 
was estimated at 55,300 toi^s. 

Rosin pitch is the residue left on distilliltion of rosin 
(colophony) and amounts to about 15 per cent.* of the rosin 
taken. It is a yellowish-brown substance with a rosin-like 
smell, possessing a sticky feel and cruinbhng easily on slight 
pressure? It dissolves in nearly all the soX^eats for colophony . 
Rosin pitch* is rarely used alone in varnishes and is only 
occasionally blended with low-grade pitches. 

In the examination of pitches the determination of the 
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softening ana melting points is of ?mportance/as well as the 
specific gravity. In the sparine pitches the acidity and 
saponification values are useful, but in very hard fat pitches, 
obtained by pushing the (distillation to its utmost limit, 
the values are low. A comparison of the acid and saponi- 
fication values of stearine pitch and pet]l:)leum pitch is shown 
in the subjoined table ; — ^ 

< 

I 

Aud valuL. Sapomlication value 

Stearine pitch . . o'2-2'g ; 2*4 2‘2-8‘3 ; 4’3 

Petroleum pitch . . 0*1 ; i-2 ; 0^3 * i'3 ; 2'6 ; 17 

The detection of wood-tar pitch is facilitated by the charac- 
teristic smell of creosote on heating and by complete 
solubility in alcohol. Coal-tar pitch contains a considerable 
amount of free carbon. 

The methods of identification of the varieties of pitches 
are on the whole unsatisfactory. A scheme has been put 
forward by Mansbridge (/. 5 . C. /., 1918, jy, 184) which 
applies to single pitches, but not to mixtures. It relies on 
a division into saponifiable and iinsaponifiable pitches and 
the behaviour of the members of the two divisions to the 
solvent action of white spirit. It looks promising in spite 
of several exceptions due to the variety of conditions in 
the production of these complex bodies. Tawton (loc. cit) 
gives the results of the examination of a number of pitches, 
especially stearine pitches. 

The natural asphaltums or bitumens containing sulphur 
and nitrogen can be separated into petrolenes, soluble in 
88° C. petrol, and asphaltenes. ^Petrolenes are tough viscid 
substances j)bssessing cemenljing properties, whereas the 
asphaltenes are dry and brittle, but soluble in carbon disul- 
phide and in hot turpentine. 

Petrol (88° C.)* dissolves ct)al-tar or wood-tar pitoiies 
which would be^ised in varnish giamels, but the pt;trolenes 
are unsaponifiable by alkalies. 

The discussion of the origin of the bitumen deposits is 
outside the scope of this book. As hydrocarbons, e.g. bitu- 
men of the Dead Sea and Trinidad asphalt, they contain 
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carbon, hydrK)gen, oxygefc, nitrogen, and sulphur, and yield 
on distillation gas, colie, ‘burning oils, and gas oils, so that 
they are comparable wil?h* petroleum pitches produced 
artificially. * 


Carbon 

i)cad Sea asphalt 

,, . 77-8 

Tnmdad asphalt. 

78*8 

Hydrogen . . 

• • 8'93 

9 ‘3 

Nitrogen, 

— 


Sulphur 

— 

10*0 

Oxygen , .. 

.. 11*54 

■— 

9 

100*54 

99 '5 


The pitch lakes of Trinidad and Bermudez represent* 
important deposits of natural bitumen, but their origin, 
like that of the mineral oils, remains undecided. 

Richardson (/. Eng. Chcm.,ic)i6, <^’,4) suggests that 
the petroleum pitches originate by surface action between 
natural gases and the sands with which they come in con- 
tact, and that asphalts are formed by the surface action of 
colloidal clays upon heavy petroleums. Beckham (/. Frank. 
Inst., 146, (i) 45), from a study of the Californian bitumens, 
considers that the polymerization of petroleum and the 
conversion into asphalt is due largely to the presence of 
nitrogen and sulphur. 

For full information on the examination of pitches 
reference may be made to the following works : — 

Allen : “ Commercial Organic Analysis ” : “ Thorpe's Dic- 
tionary of Applied Chemistry '' (Pitches) . Bunge and Keane : 

“ Technical Methods of Chemical Analysis.’' Ingle: -'A 
Manual of Oils, Resins^ and Paints.” .Gardner and 
Schseffer : “ The Analysis of 'Paints.” Seeligman and Zieke : 

“ Handbuch der Back u. Firnis Industrie” (1914). 
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Section L— PIGMENTS AND PAINTS 

Pigments 

The subject of pigments introduces a primary consideration 
of their uses in paints and enamels. Their employment 
as a means of obscuration of the undercoat for decora- 
tive treatment being obvious, the question of choice of 
paint or varnish to serve as a protcciivc coat leads to a 
consideration of the general influence produced by a pigment 
in a paint. In applying a drying oil medium to a non- 
absorbent surface, the thickness of film applied is limited 
by mainly one factor, that of viscosity, and it is obvious 
that such ’is limited by considerations of practicability. 
The application of a thick him, however, can be realized 
by applying it in the form of a two-phase system of solid/ 
liquid wherein the rigidity of the system is out of all pro- 
portion greater than its corresponding viscosity or resistance 
to shear. The net result of such is to furnish a 'means of 
applying a heavier or thicker coating than would otherwise 
be possible ih the absence of the pigment. There are other 
influences at work in a paint in addition to these which 
will be considered under the heading of paint and enamel^. 

The several gjjgpfffties of the different pigments i-will be 
considered under their respective headings, but *a review of 
the general properties of pigments used in paints will be 
necessary at this juncture. Pigments may have one or 
many of the following properties : — 
io8 
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(i) Colour)^ Opacity, *and Tinctorial power. Although 
white is ufually not coitsidfred*as a colour, the fact that its 
function in points is often* to overcome or kill” another 
colour makes it expedient to ccftisider it as such. Tinctorial 
power is to be distinguisl^ied from the other property of 
pigment referred to as cplour by the capacity for staining 
orwmparting hue. The term “ capacity ” or ‘‘ body ” is 
more strictly accurate in referring to that property of a 
pigment which is distinguished by the capacity for obscura- 
tion of an under^rodnd or undercoat.* A sharj) classifica- 
tion into staiying and obscurative pigments is not possible, 
as certain pigments possess both properties, and the property* 
of obscuration or opacity, although nearly absent in certain 
pigments, is only present to any degree in others under 
certain conditions. The main factor in obscuration is that 
of producing optical discontinuity in the film under con- 
sideration. This clearly resolves itself into the attainment 
of a layer or layers through which the light passing suffers 
* different degrees of refraction. In other words, high 
opacity in a film is obtained by a combination of pigment and 
medium of refractive indices as far apart as possible. The 
medium may be oil, water, or air, so that it may happen 
that two pigments may have nearly the same opacity, 
examined dry or in water, but by virtue of a closer ap- 
proximation of refractive index of linseed oil to that of one 
of the pigments, such may prove more or less transparent 
in an oil medium. The higher the refractive index of a 
pigment, therefore, the greater its opacity, since no medium 
exists which has a greater, index of refraction than that of 
the most transparent of pigments. The ultimate size of the 
particles also has a great influence on the opacity of a 
pigment, the smaller the size of the pigment the higher the 
opacity, this latter property, however,* diminishing as aj^- 
proximation in size to th^ wave-length df h-glit is approached. 

Tinctorial, or staining power is the relative degree {0 
which unit weight of pigment will confer colour to another 

* For a description of an ingenious laboratory apparatus for determining 
opacities of pigments, see Pfund, /. Franklin Inst., igiQi ^88, 675-681. 
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to obtain the same degree of tone \^alue. Thuyi two samples 
of Prussian blue will be coaip^edrfor stainingc power by 
determining the relative amounts of white pigihent necessary 
to obtain pale blues of similar “ tone ” or light reflecting 
value. The converse of this property of staining power, 
sometimes referred to as “ killing povCer/’ represents the 
result of a similar determination on a white pigment, gind 
the procedure is self-evident. The two properties of opacity 
and staining power do not necessarily bear any relationship 
towards each other, though usually 'a dose relationship 
sometimes exists between opacity and '' killing power of 
white pigments. Thus Prussian blue represents a pigment 
of high staining power and very low opacity, Indian red 
possesses both great staining power and high opacity, 
whilst the chromes possess moderate staining power and 
high opacity. The high opacity of most black pigments 
is probably accounted for by their power of absorbing light 
to a great degree as well as by their high state of subdivision. 

The colour of pigments often varies to a great degree 
according to their method of preparation. Whilst com- 
paratively small variations are found in certain classes of 
pigments such as Prussian blue, great variations in hue 
are to be found among the earth colours and chrome 
pigments. 

The measurement and registration of colours in numerical 
terms has been attempted by many investigators. One 
of the best-known instruments is that of J. W. Lovibond, 
known as the ‘‘ Tintometer.” In this instrument a flattened 
heap of the pigment under examination is viewed simultane- 
ously with a similar heap of calcium sulphate (taken as the 
standard of whiteness) through two long tubes arranged 
side by side as binoculars, glasses of standard degrees of 
depth in yellow, blhe^ and red being interposed in the tube 
through which the’cMcium sulphate is viewed until h colour 
match is obtained. It is thus obvious, from a consideration 
of the theory of colours, that theoretically not only would 
it be possible to match the hue of a given colour, but in 
virtue of subtractive effect obtained by passing white light 
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through complete and e'^ual units of primary colours a 
certain de^ee of obscuration or units of black may be 
obtained. Thi!s, if a given'xblour were matched by inter- 
posing in the calcium sulphate tube units represented by 
red 1*3, yellow 0*7, and blue 3*0, the effect produced will 
be equivalent to 07 units of black, o*6 units of red, and 
2*3 jmits of blue. Unfortunately, however, the instrument 
has not found rruch favour among workers in pigments, as 
the difficulty of obtaining colour matches of richly coloured 
pigments is exceedingly difficult owing probably to fatigue 
of the eyes. U is understood, however, that for tintings of 
white, such as would occur in white pigments, flours, pale. > 
coloured aqueous extracts, etc., the instrument has been 
found very valuable. Other methods of colour measure- 
ment * have been suggested, but being of comparatively 
recent introduction, nothing yet is known as to their value 
in practice. 

An important point in connection with the valuation 
of pigments in regard to their colour arises in their so-called 
“ undertone ” obtained on reduction. This undertone often 
appears as a colour complementary to that which dominates 
in the pure pigment. Thus, although chrome yellows, yellow 
ochres, red oxides, and many colours on dilution with white 
pigments yield colours of lesser purity but of similar hue, 
others, such as many lake reds, browns, etc., yield under 
similar conditions colours of lesser purity dominating in 
hue. ■ The apparently dead black pigment, vegetable black, 
yields on reduction greys with a strong blue cast, whilst 
carbon blacks yield brown-greys. 

(ii) Chemical Effect upon the Medium. Ill spite of its 
many disadvantages, the great popularity of white lead, or 
basic carbonate of lead, as a pigment is undoubtedly due 
to •its effect upon the medium (linseed 'oil) in which it is 
used, ft stands by no me^ns at the head of the list of white 
pigments for either colour (purity of its white), opacity, 
or cost, yet it is safe to assume that it finds its way into 

* Lawrance, 0 . and Col.Chem Assocn,, 1910.2, No. 6; Bawtree, 0 . and 
CoL C%em. Assocn., 1919, 2, 61. 
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more paints than any other pigmeiit. It being a recognized 
fact that its basicity is a cause pf a. slight degree of saponifi- 
cation of the oil medium, it 'is probable that the small 
amount of lead soap formed is responsible for the enhanced 
physical properties of paints of which it is a component. 
The comparative impermeability^ of this lead soap is also a 
probable factor in its extended use. ^ 

Among other pigments having decided chemical effect 
on the medium may be cited those which affect it by reason 
of their basicity or power to neutralize rtkscent lower fatty 
acids (such as formic and acetic acids, etc., ,(rom boiled oil 
.during oxidation), and those influencing the oxidation 
either favourably by virtue of their containing a compound 
of a metal which acts catalytically as a “ drier,” e.g. certain 
ochres, umbers, etc., or unfavourably by reason of deleterious 
impurities. These will be considered under the separate 
headings of the pigments, although, in many cases, the 
influence of retardation of oxidation is not well understood, 

(hi) Physical Effect upon the Paint. An important point ^ 
leading eventually to marked influences on the behaviour 
of the paint film on exposure is that of the relative oil 
absorption of pigments, and will be considered more fully 
when dealing with the subject of the preparation of paints 
and enamels. The oil absorption of pigments may be 
defined as that minimum quantity of oil necessary to convert 
unit weight of dry pigment from a pow^der to a definite 
paste. This constant is conveniently determined in the 
laboratory^ by adding raw linseed oil drop by drop from a 
burette to (say) lo grams of ^ligment in a mortar and 
working in the oil with a povyerful grinding action until a 
completely coherent stiff paste is obtained. The oil absorp- 
tion of pigments varies from some 6 per cent, in the case 
of white lead to nearly 200 per cent, in the case of certain 
smoke-black pigments. 

^ The ultimate physical condition of a pigment, i.e. the 
question of its fineness of division, specific gravity, and 
electrical charge, which it carries 'when suspended in a 
particular medium, or in other words, its approach to or 
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de;^rture from^the coUoickl state, has a very ^^^at .bearmg 
on its emplrjyment in pajnts^, anJ even more so in enamels. 
To cite the ca^e of pigme'jts, which exist in media to 
a great extent in the colloidal iTate, there is the case of 
zinc oxide in enamel media. These latter usually consist 
of thickened oils or •varnishes very rich in thickened oils. 
The particular combination of actively-basic zinc oxide in 
a ^nely divided s^ate, together with oils of moderate acidity 
and high viscosity, results in a colloid system of very 
great stability. Thftis, reparation of pigment from medium, 
even when diluted with ether, cannot be accomplished 
by ordinary filtration, and in an experiment by one 
of the writers, complete sedimentation did not take place 
in an ethereal dilution in eighteen months, the high-speed 
centrifuge alone effecting complete deposition with some 
difficulty. The suspension showed all the attributes of a 
suspensoid, the Tyndall cone effect being quite marked, and 
rapid Brownian movement being visible in the ultramicro- 
scope. The suspensoid, moreover, was bluish by reflected, 
and orange by transmitted light. A “ solution ” of an 
intimately ground mixture of linoxyn and Penivian ochre in 
amyl alcohol showed the pigment to be in a similar condition. 

The colloidal condition of smoke-black in the preparation 
known as “ Indian ink ” is well known, the aqueous solution 
absolutely defying separation of the pigment by the 
ordinary means of liltration. Perhaps the most perfect case 
of colloidal suspension is that of Prussian blue in oil. In 
this case the high-speed centrifuge is quite unable to remove 
the last traces of suspended pigment. 

A property often utilized in pigments and probably 
intimately linked up with the foregoing, may, for want of a 
better name, be termed “ suspending power.” This is well 
exepiplified in the case of China clay, winch, although not 
showing the usual attributes of a colloidftljy-suspended pig- 
ment, is nev Atheless capable of preventing deposition to a * 
hard cake in the bottom of the container in the case of paints 
containing pigments of known high specific gravity and low 
oil absorption. Common whiting similarly shows this 
s, 8 
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property, precipitated cludk, which |or all practical 

purposes is of similar comporitiou,^does not actr,thus. 

A substance possessing particular formi of its particles 
in the finely divided cordition is often useful to secure 
certain physical characteristics in the dry coating. White 
lead examined microscopically is to a certain degree crystal- 
line, and this property imparts “ bite ” or ‘‘ tooth to white 
lead paints, both on application and for tl]e subsequent coat. 


The White Pigments 

I. White Lead or Basic Lead Carbonate.— White 
lead, often incorrectly termed carbonate of lead, is perhaps 
the best known and most important of the wliite pigments. 
The earliest process of manufacture, that known as the 
“ stack ’’ or Dutch process, is the one which, at all events, 
until quite recently, enjoyed the greatest popularity, although 
the time taken and difficulties of manipulation have proved 
a great incentive to attempts to introduce more rapid and 
certain methods of manufacture, as will be judged by the 
extensive patent literature dealing with the subject. In 
brief, the stack method of corrosion consists in forming a 
stack of earthenware vessels, each having a false bottom 
acting as a container for dilute acetic acid or vinegar, and 
supporting on the ledge formed by the false bottom a roll of 
thin sheet lead. The stack or battery of pots is then enclosed 
in a chamber over spent tan or dung for a period of about two 
months, during which time corrosion of the lead to basic 
acetate takes place by means of the acetic acid volatilized 
by the heat of the fermenting organic matter, followed 
by its conversion into basic lead carbonate by the carbonic 
acid evolved. The stack is then opened, the corroded grids 
removed, and the unattached “ blue ” lead separated by 
crushing, washiug; etc., the metal-free pigment being dried 
in the usual way. The main disadvantages of the process 
are the length of time occupied for corrosion, the danger to 
the operatives opening the stack, and the liability to con- 
tamination b}^ lead sulphide from the sulphuretted hydrogen 
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evolved from to organic^matte;. On tlie otlfcr hand, the 
uniformity lof the product so far as its comparatively 
amorphous coiMition, opacity, etc., is concerned, has for 
long placed the product made this method in the front 
rank of excellence. * 

Many other processes have been devised to shorten 
the 43eriod of corrosion, whilst attempting to retain the 
fineness of divisic^n of the stack-made prouuct.* Although 
the plant used differs in the individual processes, the opera- 
tions involved are* nearly all alike, depending as they do 
on solution of fither "blue” lead or litharge in nitric, or, 
more usually, acetic acid, and subsequent precipitation with 
carbonic acid gas. An interesting instance of a ” precipita- 
tion ” process is that of Bischof, as now carried out by the 
Brimsdown Lead Co. Ltd., at Brimsdown, near London. 
In this process litharge is first reduced to the state of 
the black sub-oxide Pb20 by means of water-gas obtained 
by blowing steam through charcoal. This is in order to 
chsure reduction of any red lead which might exist in the 
litharge, and which would eventually pass through the 
processes to the white lead, giving it a ])ink cast. The sub- 
oxide is then pugged ” or masticated with water to convert 
it into the white hydrate, after which it is treated in a large 
closed wooden vat with a solution of lead acetate and a 
little acetic acid, carbonic acid meanwhile being pumped 
in under pressure. The amount of gas introduced is 
measured and serves to produce a basic lead carbonate 
of any degree of basicity. The acetic acid, serving only as 
a catalyst, can be recovered, and is used over and over 
again for succeeding operationg. 

Of late years perfection of control has reached such a 
stage that white lead products made by quick processes 
con?pare very well indeed with the stack-made article, and 
which are far superior from.the point of piK'ity of colour. 

White lead, although varying somewhat in composi- 
tion in different samples, approximates to the formula 
Pb(0H)22PbC03. This 'formula would be represented by 
* Hurbt, “ Painters’ Colours, Oils, and Varmshes,” 5th edition 
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a compoundH:ontaming abqut 70 fjer cent, of, lead carbonate 
and 30 per cent, of hydrate, M? list, the average of a number 
of samples approximates to 72 per cent, of the former to 
28 per cent, of the latteri Dry white lead comes on the 
market in the form of a heavy^white powder or soft lumps, 
possessing, according to many authorities, a faint but 
characteristic odour. It has a specific gravity of 6*6,, an^t 
an oil absorption of as low as 6 per cent.* in some samples, 
i.e. a definite paste can be formed by combination of 94 parts 
by weight of dry white lead with '6 parts by weight of 
raw linseed oil. The production of the stiff product, com- 
monly known as white lead “ paste ” or white lead “ in oil,’' 
can either be made by directly grinding the dry pigment in 
oil or by “ pugging ” or milling the wet pulp as it comes 
from the filter press with linseed oil, the superior affinity of 
white lead for oil driving out the water.* 

White lead is a pigment of high opacity and fairly good 
stability. Its great popularity in paints is principally due, 
however, to its power of combining to a certain extent wil 4 i 
the oil medium used, the lead linoleate formed conferring 
certain physical properties of flow under the brush which 
are higlily esteemed in practice, and a good degree of 
impermeability to moisture. White lead enters into the 
composition of many paints as a “ base " or starting point 
on account of its high opacity and comparative stability, 
many pale-coloured tinted paints being obtained therefrom 
by addition of small proportions of staiiiers. 

The stability of white lead in paints has formed the 
subject of much controversy ^ recent years, no very satis- 
factory agreement or conclusions having been arrived at. 
In the writers’ opinion, however, this would seem to be 
accounted for to a very great extent by the fact that too 
little attention seems to hav^ been paid to the other factors 
obtaining in the*4)aint under tri^l, ix, the medium* used and 
its relative amount, as it is obvious that pigmentation or 

♦ The cause of this phenomenon Is to b® attributed to the lower inter- 
facial tension existing in white lead/oil over that of white lead/water 
resulting in a diminution of surface energy. 
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relative proportion of pigment to oil in a gi/en medium 
beyond a Hpit, is likely to dead* to actual exposure of the 
individual pign;ient pai^icle^ to a certain extent. From 
the mass of controversial evidence, however, a few definite 
facts stand out. Of all the white pigments white lead is 
that which has the ^reatCvSt* tendency to go yellow in the 
dark. This is not a very serious disadvantage, as the yellow- 
ness bleaches ou1^ once more when the paint is exposed to 
a good light. White lead paint is also very susceptible to 
blackening in an atinosphere containing sulphuretted hydro- 
gen. The majority of observers also seem to agree that on 
exposure to much sunlight and weather white lead I'.aiut 
films soon lose their gloss and “ chalk," i.c. the oil medium 
seems to disappear, leaving the pigment in an unbound 
chalky condition. This latter is probably due to the 
catalytic action of the lead as a drier, drying, as already 
stated, being a reaction by no means ended when solidity 
of the paint film has once been attained. 

• Of the numerous other white lead pigments which have 
engaged transitory attention from time to time may be cited 
the basic chloride, hydrate, sulphite, etc., the only one which 
has found anything like a moderate degree of popularity 
being the basic sulphate. 

2. Basic Lead Sulphate or Sublimed White Lead.— 

This product, as found on the market, varies greatly in basicity, 
some samples having as low a PbO content as i or 2 per cent., 
whilst others contain up to 35 per cent. The usual method of 
manufacture is by sublimation of galena, PbS, in a current 
of air. It is also formed as a by-product in the manufacture 
of litharge by cupellation, ascertain proportion*of lead com- 
pound being volatilized by the action of the hehting gases 
containing sulphur dioxide. A method of only academic 
interest consists in the precipitation of the normal sulphate 
from a !!joluble lead salt and subsequent grinding of the 
precipitate id a solution oi a caustic alkali, when a definite 
reaction with increase of temperature accompanies the forma- 
tion of the basic sulphate. No specific claim for distinction 
from white lead in properties seems to have beep piade. 
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barring, pei\iaps, the altogether efroneous one of its absence 
of toxicity. Generally speaking, it may be said ];hat the con- 
sumption of basic lead sulphat^^ as a pigmenj; is very limited. 

3. Zinc Oxide or Zin(j Wnite.— This pigment is made 
by two different methods, known as the direct and the 
indirect processes. The forme! , also known as the Frencli 
process, consists in burning m'6tallic zinc in a current of 
air, the zinc oxide or fume being condensed in chainbee's 
containing bags. Indirect process oxide is obtained by burn- 
ing the zinc ore, the product differiijg from that from the 
other process by its lesser purity of composition and colour. 

Zinc oxide is the wliitest of all commercial pigments, 
ranking slightly behind precipitated calcium sulphate in 
its purity of colour. Zinc oxide is also the white pigment 
possessirig the highest degree of subdivision, this property 
making it the most suitable pigment to use in white enamels. 
Owing to the actively basic nature of zinc oxide, much care 
has to be exercised in the selection of the medium used in 
its grinding, a badly-relined oil of high acid value bein^; 
unsuitable by reason of the stiffening or “ livering '' which 
occurs progressively after grinding. The opacity of zinc 
oxide is equal to or possibly greater than that of white lead, 
but by reason of its greater oil absorption (15 per cent, as 
against 6 per cent.) the o])acity of a zinc white paint appears 
less than that of white lead paint on account of the lower 
pigmentation obtaining in the former (H. Pfund, J. Franklin 
Inst,, 1919, iSS, 675-681). On the other hand, the spreading 
power or relative area covered by unit weight of paint in 
the case of zinc white is much greater than with white lead. 
The stability of zinc white in ]jaint films is good, its higher 
cost usually being considered as one of the factors mitigating 
against its displacing white lead. In its favour may be 
stated its absolute non-toxicity and its power to remain 
well suspended in paints. 

4. Orr’s White or Lithopoiie.— This pigment was first 
manufactured and patented in 1874 by Mr. J. B. Orr. It 
is one of the most interesting of the white pigments, and 
now holds an important position in the paint factory, 
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where it has practically leupplanted every ot/ier pigment 
for use in ,in(ioor paints a!nd enamels, hithopone, also 
known under a ^variety of ot^her names, c.g. ponolith, litho- 
phone, enamel white/ etc., consists of approximately mole- 
cular proportions of zinc sulphide and barium sulphate, but 
in so far that the preduct is ‘subjected to calcination during 
the course of its manufacture, small proportions. 1-5 ])er cent. 
of zinc oxide are ysually present. Lithopone, therefore, has 
the average composition: ZnS 30-0 per cent., ZnO I’o per 
cent., BaS04 69-0 p<^r cont. It is prepared by double decom- 
position of solutions of zinc sulphate and barium sulphide, 
the latter being obtained by calcination of barytes witli 
coal or other carbonaceous matter. The precipitate is 
filtered, washed, and dried, but to increase its density and 
opacity and to reduce its oil absorption, it is subsequently 
calcined to a white heat in crucibles in the presence of 
air-excluding agents, e.g. sulphur or ammonium chloride, 
and finally chilled in cold water. The pigment is then 
fUter-pressed, washed, and dried. 

Since more than two-thirds of the pigment consists of 
barium sulphate, a body of low opacity and low oil absorp- 
tion, it might at first sight be regarded as a diluent or adul- 
terant, diluting the valuable properties of the zinc sulphide. 
But inasmuch as the zinc sulphide is precipitated along 
with the barium sulphate, quite a different product is obtained 
from that prepared by mixing the two constituents together, 
and indeed lithopone actually possesses a higher opacity 
than any known white pigment. It is generally considered 
that the particles of barium sulphate are adsorbed on the 
individual zinc sulphide particles, thus giving* it enhanced 
properties over that of its constituents. 

lyithopone has a specific gravity about 4’25, and an oil 
absorption of about 8 per cent. As already stated, it is the 
most opaque of all white jiigments, whilst its staining or 
“killing “ power is considerably greater than that of white* 
lead. It is quite non-poisonous, a property which befits 
it particularly for use in paints for toys. In addition, it 
possesses little or no basicity, and it can in consequence be 
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used withou^jfear of “ feeding w^h the most acid media ; in 
fact, it IS quite stable wheft vs^d with a meiiu^ji consisting 
mainly of rosin. The fineness^ or ^subdivision of lithopone 
is about equal to that of w^iite lead. • 

The weather resistance of lithopone in paints, however, 
leaves much to be desired, afid present-day practice has 
practically unanimously condemned its use in paints for 
outdoor V'Ork, failure of the paint lilm occurring very early. 
Opinion is divided as to whether this failure is due to vulcani- 
zation of the oil in the medium by the --agency of the zinc 
sulphide with consequent i)rogressive loss of elasticity, or 
oxidation of the zinc sulphide to soluble sulphite or sulphate 
with resultant disintegration of the film. An important draw- 
back to the use of lithopone, especially where the article 
coated is exposed to much direct sunlight, is the tendency 
of many samples to darken under these conditions. This 
darkening is not permanent, but disappears when the source 
of light is removed for some little time, only to return on 
repeated exposuie. No satisfactory explanation of this 
phenomenon has been advanced, but it is recognized that 
the change, whatever it is, is produced in the zinc sulphide 
part of the product. Moisture is essential for its appearance, 
carefully dried samples sealed in glass tubes being quite 
stable. Many patented processes claim to produce litho- 
pone having no tendency to alter in sunlight, and it is only 
fair to state that many manufacturers are now' producing 
this pigment without its usual attendant disadvantage. 
Lithopone finds its principal use in the paint industry in 
interior paints and enamels and in water-paints (distemper) . 
By far the largest outlet, hoWever, is in the rubber and 
linoleum industries, its stability at the temperature of 
vulcanization particularly fitting it for use in the former, 
whilst its non-reactivity to acid oxidized oil and rosin render 
it useful in mixing with linoleum cement for “ inlaid " work. 

"The Fileers and Extenders 
These are substances used either to adulterate paints 
for the purposes of cheapness or to confer some special 
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properties other than that of tinting or 0 ]->kcity. What 
might at fiist sight be regarded as coming under the head of 
adulteration is* often necesspy, a vSpecific example of which 
will make the case dearer. WJhilst in fine painting work, 
such as coach painting, the body or thickness of colour 
applied is not conddered when applying that particular 
coat in which coloration, as distinct from filling o^ bodying 
fe concerned, the* house-decorator needs not only to produce 
obscuration of his under-ground but to obtain thickness by 
applying the minimuwi number of coats of paint. Taking 
the case of such a colour as lamp-black, chosen in particular 
on account both of its high tinctorial power, high opacity, 
and high oil absorption, the use of a pure or “genuine'' 
paint would hardly be practicable w'here the above case is 
considered, as either the paint would have such a consistency 
as to be almost a jelly, or, in the case of a suitable consistency 
being obtained by low pigmentation, the paint film would 
be too attenuated. Thus an inert filler, such as common 
^diiting or barytes, is used in order that the physical pro- 
perties of the paint may approach those of the more normal 
pigments, the quantity of black pigment employed being 
merely sufficient to secure adequate pigmentation and opacity. 

Another case of employment of inert pigments or 
extenders is that of the so-called lake pigments. In lake 
pigments the inert filler takes precisely the same place as 
the fabric in dyeing, i.c. it serves as a base or recipient 
for the lake, without which the lake would be useless. 

Barytes and Blanc Fixe. — These two fillers, although 
as similar in composition as a natural ore and an artificial 
product may be, differ greatjy in their physical properties. 
Common barytes consists of crushed heavy sp*ar (BavS04), 
which has been levigated or water-floated to free it from 
coarser particles. In cases. wdiere inudi impurity in the 
form o^ iron oxide is present giving l^ie barytes a yellow 
or reddish ttnt, it is bleached by treatment with hot dilute 
sulphuric or hydrochloric acid, the purified product being 
subsequently washed ‘and dried. The colour of barytes 
should be carefully attended to when buying, since the 
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pigment finds\one of its principal applications in the dilution 
or “ reduction of white leaS. • The^writers haveiound that 
many samples of apparently pu:||e colour indicating freedom 
from iron develop yellowness after rubbing with linseed oil 
and allowing to stand an hour or two, and this test is 
recommended when a determination of iilrn is not considered 
expedient. 

The specific gravity of barytes varies from 4-2 to 4‘5* 
and the oil absorption from 6 per cent, in the coarser samples 
to 9 per cent, in the finest. This pigmwit is particularly 
inert, both chemically and physically, there being practically 
no tendency to pass to any degree into colloiSal solution in 
the medium. Hence barytes should not be used alone with 
pigments of similar tendency, as settlement to a hard cake 
in the bottom of the container is likely to occur. 

The inactivity of baiydes and its low oil absorption places 
it in the front rank of importance as a diluent of paints, 
since the majority of these are sold by weight. It is the 
recognized standard for “ reducing " or diluting white lead*, 
in the trade, the various reductions being known as No. i 
White head. No. 2 White Tead, etc., according to the 
relative proportions of genuine white lead and white barytes 
used. Although commonly regarded as nothing more nor 
less than an adulterant, a moderate proportion of barytes is 
regarded by many authorities as an improvement to many 
paints, the crystalline nature of the particles offering a good 
surface for repainting, whilst films of paint containing 
barytes suffer less contraction as they age than is the case 
when pure white lead has been employed as the pigment. 

Barytes possesses little or no^ opacity, and is practically 
deficient iit “killing" power, hence it is possible to 
“ reduce " such pi ^ments as greens with barytes with little 
loss of purity of coleur. * ^ 

Blanc fixe, or precipitated barium sulphate, differ^ rather 
ifiarkedly in its physical properties from natural barytes. 
It is prepared by precipitation of barium chloride by sul- 
phuric acid. Certain samples are liable to be imperfectly 
washed, when the traces of free sulphuric acid remaining 
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may have a very advers^e influence on the f^mt into the 
compositioii of which it eAtc.rs' for obvious reasons. The 
characteristic (Jifferences between blanc fixe and barytes are 
the amorphous condition and j^ner state of subdivision of 
the former. These manifest themselves in greater oil 
absorption (15 per »cent.) and a higher degree of opacity. 
The opacity, however, is so low that the pigment cannot be 
employed in any capacity than that of an auxiliary one, 
and it finds its principal application in serving as a base for 
the striking of dyes to lakes. It has in addition a useful 
field of application in reduction of pure strong colours 
such as ultramarine and Prussian blues, when the light- 
reflecting power or visibility of the hue becomes apparent 
without manifestation of undertone or production of 
“ muddiness.’' This property is most probably comparable 
to reduction of pigmentation in an oil/pigment system 
without simultaneous reduction in solid matter content, 
i.c. viscosity. 

rs Whiting. — Whiting is a naturally-occurring form of 
calcium carbonate found as chalk deposits in the south- 
eastern counties of England. Ivxamined microscopically, it 
is found to consist of the skeleton remains of various species 
of Foraminifcra, a marine organism. Commercial whiting 
consi^s of chalk which has been ground and levigated in 
water. It has a specific gravity of 2 ‘65. Whiting finds little 
application in oil paints as a pigment on account of its low 
opacity, whilst its high oil absorption (about 15 per cent.) 
does not render its use economical as a filler. It finds its 
principal application, however, when ground to a stiff paste 
in linseed oil as putty. It' also forms a valuable pigment 
in water-paints, where it appears to function aS a pigment 
of high opacity on account of its difference of refractive 
index from that of the medium present m the dried film. 

A folm of artificial whiting known a« precipitated chalk, 
or under it^ trade term of “ barytes ^substitute," found 
considerable application during the war when barytes was 
scarce, and was produced as a by-product from the process 
of water softening. This precipitated chalk was distinctly 
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crystalline inf structure, of better' colour than the natural 
article, and of rather lower oil^apsorption. *■ 

Alumina or Aluminium l^ydrate. — ^A^umina is pre- 
pared by the precipitation of ammonia alum or aluminium 
sulphate with ammonium hydrate, the gelatinous precipitate 
being filter-pressed, washed, and dried. 'It forms a volumi- 
nous, white powder, which is exceedingly transparent when 
mixed with oil. On this account it finds little or no applica- 
tion in paint pigments, its use being entirely restricted to 
pigments for use in printing inks, where great transparency 
is desired. It is there used as a base for precipitating coal- 
tar colours to form lakes. 

China Clay or Kaolin. — China clay is a hydrated alumi-- 
nium silicate corresponding approximately to the formula 
Al2032Si022H20. It occurs as a disintegration product of the 
granite rocks of Cornwall in this country. China clay, on 
account of its high oil absorption and transparency, is of little 
value as a pigment in oil paints, nevertheless on account of 
some obscure property of appearing as a water-protected 
suspensoid when mixed with oil, it not only remains in good 
suspension, but inhibits settlement of other pigments, e.g. 
barytes, red lead, etc. It is principally used, however, as 
the main pigment in water-paints or distempers, its function 
as an electro-negative colloid in aqueous media, the stability 
of suspension of which is increased in presence of alkalies 
(OH* anions) befitting it especially as an ideal pigment. 

China clay also finds application as a base for the pre- 
cipitation thereon of coal-tar colours intended for use in 
transparent oil pigments for printing inks or water-paints. 

Silica. — Although this substance can hardly be classed 
as a pigment, it enters very largely into the composition 
of many types of paint where its distinctly crystalline 
structure renders* it especially valuable in conferr^g 
tooth ” or “ bite to an otherwise smooth or soSpy pig- 
fnent. The most valuable varieties of silica fSr use in the 
paint trade are obtained by crushing quartz and fractionating 
into different degrees of fineness* by screening. Silica 
from quartz is to be distinguished by the wedge shape of 
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the crystals when exammed microscopically, In this con- 
dition silica forms an invahdahle base in the preparation of 
wood fillers for, filling up tfie grain of open-grained woods, 
when the ciy^stals foi*m witlif the, binding medium aggregates 
possessing great rigidity. vSjlica possesses little or no opacity 
when mixed with ofl, and its oil absorption varies with its 
fineness of division. 

YEnnow AND Orange Pigments 

a 

Lead Chromates, Lead Chromes or Chrome Yellows. 

— The lead chromates are obtained by precipitation of lead 
acetate or nitrate with potassium bichromate. A great variety 
of tints ranging from a pale primrose to a deep orange-red can 
be obtained by modifying the conditions of the precipita- 
tion. Most of the paler tints contain varying amounts of 
lead sulphate which must not be regarded as an adulterant 
but as a necessary adjunct in obtaining the light tone. The 
4)reparation of the different tones of chromes: primrose 
chrome, lemon, middle and orange chromes, and Derby, 
Persian, and Chinese Reds (q.v.) is somewhat complicated 
and carefully guarded as a trade secret by the manufacturers. 
In general, it may be stated that the redder tones of chromes 
are obtained by increasing the basicity of the product 

The yellow and orange chromes are the most important 
of the yellow pigments, being possessed of a great degree 
of opacity and staining power. They are very fast to light, 
and fairly stable in acid fumes, but in common with all lead 
pigments are blackened by sulphuretted hydrogen. They 
should therefore be used w^th caution in admixture with 
sulphur-containing pigments such as ultramarine. They 
are not as a rule employed in distemper paints on account 
o^ the tendency of the free alkali to (;lidlige their tone to a 
reddish^hue. The lead cljromes are usdi almost exclusively 
for the manufacture of green pigments in combination witt 
Prussian blue. 

Barium Chromate or Barium Chrome. —Thispigment, 
sometimes known as lemon chrome, is little used nowadays 
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on account o( its low opacity and poor staining power. It 
has the advantage, however, oveplea^ chromes in Its stability 
to sulphuretted hydrogen. ^ ^ 

Zinc Chromate or Zinc Chrome. — This pigment is 
prepared by precipitation of zinc sulphate with potassium 
bichromate. It has a pale greenish-yellow colour and 
possesses relatively little opacity and a lower staining power 
than the lead chromes. It is valuable, however, in forming 
a green of particular beauty in combination with Prussian 
blue, the distinction from lead chrome greens being probably 
based on its relatively higher staining power than trans- 
parency. 

Yellow Pigments from Coal-Tar Dyes. — These have 
little importance at the present day^ in the paint industiy^ 
on account of their poor opacity. They are derived from 
mono-azo dyes, of which Hansa yellow is a well-known type. 
On account of their stability to alkali they find some 
application in distempers. 

The Yellow Earth Pigments or Ochres.— The yellow 
ochres owe their colour to the presence of hydrated iron oxide, 
which is present in the earth in conjunction with silica, 
alumina, lime, small amounts of manganese, and carbonic 
and sulphuric acids. Their tone, opacity, and staining 
powers vary considerably in a manner usually independent 
of their composition. The colour varies from a bright 
yellow in the case of ochres mixed in Oxfordshire and 
France to a reddish yellow in the case of those from Derby- 
shire, Cumberland, and Peru. The process of manufacture 
consists of crushing, levigation, and drying. 

The palest varieties are foi\ud in PTance, where they are 
treated in "that country and arrive on the market with 
alphabetical titles supposedly designating their colouring 
properties, e.g. Jaune fin, JC Jaune clair, JFLS Jame 
fin lesse surfin, etc.^‘ They posses^, as a rule however, little 
opacity. 

The West of England mines produce a large amount of 
ochres of great variety, the characteristic of which, however, 
is their comparatively poor purity of colour, reduction with 
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white pigments showing jUp a dirty reddish r,r brown cast. 
The most valuable stainingx)(?hres come from the neighbour- 
hood of Siena in Italy, from which certain varieties are 
exported which yield tint'<^ resembling yellow ochres on 
reduction. 

The Irish and vSouth American ochres are characterized 
by high staining powers of 'somewhat dull colour, in addition 
4:0 which their high content in manganese (0 5 to 4*0 per cent.) 
render their use in high-class paints and enamels somewhat 
dangerous on account of the progressive oxidizing effect 
conferred on the medium. 

Red Pigments 

Mercuric Sulphide or Genuine Vermilion.— These 
pigments are classiffed according to their method of prepara- 
tion as English, French, and Chinese vermilions, but their 
ultimate composition is not materially affected by their 
inethod of preparation, although their physical properties 
of colour, etc., are thus influenced. The common method of 
preparation is by combination of metallic mercury and 
sulphur by heat to form the black sulphide which is then 
sublimed as the well-known red pigment. Vermilion finds 
little application nowadays on account of its expense, 
toxic properties, and tendency to settle out in paint (sp. gr. 
8 •2). It is fairly permanent, and possesses good body and 
staining power. Its use is practically restricted to certain 
special purposes where brightness and opacity are desired, 
the modern lake pigments having almost entirely super- 
seded it. 

The Red Lake Pigments.— The only natutally-occur- 
ring bright red pigment being vermilion, recourse has been 
haji to pigments obtained by precipfi lion of an organic 
dye on^ an inorganic base. The dyes' employed for this 
purpose ma/ be classified into two varieties : the naturally- 
occurring dyes, e.g. logwood, cochineal, and those derived 
from coal-tar products; e.g. the so-called coal-tar dyes. 

(a) Red Pigments fumi Natural Dyestuffs. These 
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pigments are ^greatly diminishing ip importance of late years 
owing to their cost in com^ar»‘.son with those obtained from 
synthetic colouring matters. T\ie only colouring matters of 
any importance used are thosi* of madder and cochineal, 
which latter is used to make carmine, carmine lake, and 
crimson lake. Naturally-occurring madder has now been 
almost entirely superseded by synthetic alizarine, whilst, 
with the exception of carmine, which on account of its* cost 
is restricted entirely to use as an artist's pigment, the other 
lakes prepared by precipitation of cochineal are too fugitive 
to be of any value in paints. 

{b) Red Pigments from Coal-Tar Dyes. These pigments 
are produced by the precipitation or “ striking " of a water- 
soluble dye on a base consisting of blanc fixe, white lead, 
lead sulphate, orange lead, etc., by means of a mordant. 
The lake thus formed is thus analogous to a dyed fabric. 
The lakes derived from mono-azo dyes are the more numerous 
and important from the point of view of pigments. These 
dyes consist of the '' coupling ” product obtained by coni- 
bination of a diazotized amine with a phenol, naphthol, 
amine, or derivatives of the same. Two of the most 
important dyes used for the preparation of bright red lake 
pigments are Lithol Red B and Paranitraniline Red, which 
are respectively sulphonaphthaleneazo-/S-naphthol, and 
nitrobenzene-azo-jS-iiaphthol. The former forms perhaps the 
most important red lake pigment used in the paint trade, 
and is characterized by a great degree of fastness and 
insolubility in oil (“non-bleeding”). The paranitraniline 
reds, although very fast to light and of great brilliance, are 
liable to “Heeding.” Many efeher important pigments are 
obtained B:om dyes, of which the naphthol sulphonic acids 
are the starting points. Helio Fast Red RB (“ Toluidine 
toner”) a derivative of w-ni};roparatoluidine-i:3:4, is also 
an important lake-producing dyestuff, and is one of the 
‘fastest to light. (For an account of the mon( 3 -azo dyestuffs 
used in the manufacture of pigments, see AUsebrook, Proc. 
Oil and Colour Chem. Assoc,, 1919, -3, 14.) 

Madder, or alizarine lake, is obtained by combination of 
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alizarine dyestuff with ^luminium hydrate. It forms a 
deep-red s^me\vhat transprrent* pigment wit^i a fine blue 
undertone, and is usefufin obtaining shades of maroon and 
rich purples. It is extrem'-ly fast to light, but is apt to 
retard drying of the medium. 

The eosiiie lakes% or verhiilionettes, are prepared by pre- 
cipitation of derivatives of fluorescein with lead or aluminium 
calt 2 . Although, of very bright shade they are very fugitive 
to light, and it is the practice to minimize their fugitiveness 
by precipitating Uiie lakes on lead bases, c.g. white lead, 
lead sulphate, or orange lead. They are gradually being 
replaced by thb far more ]:>crmanent naphthylamine reds. 

Derby Red, Persian Red, Chinese Red, or American * 
Vermilion.—- This pigment consists essentially of basic lead 
chromate, the details *of preparation of which, however, 
are jealously guarded as secrets by manufacturers. Their 
properties resemble those of the lead chromes, but their 
red colour is dependent on their crystalline form, since 
yiey readily revert to orange or yellow pigments by loss 
of their crystalline structure on grinding. This latter 
disadvantage, coupled with their coarse structure and 
somewhat dull colour, results in their comparative unim- 
portance as red pigments. American vermilion, as it is 
termed in the United vStates, enjoys a certain popularity 
as a rust-inhibitive pigment in that country. 

The Iron Oxides Reds. — Many of these are naturally- 
occurring, but with the exception of the pigment known as 
red ochre, they are also obtained artificially by calcination 
of yellow ochres, waste iron liquors, ferrous sulphate, etc., 
whilst bearing a similar a^ipellation irrespective of their 
method of preparation. 

Of the iron oxides, red ochre possesses but little import- 
ance. It is a red oxide of , iron with a«Fe203 content of 
about A) per cent,, and small quantiti^ have been mined 
in Yorkshire.* 

Indian Red was the name originally given to a very pure 
form of red iron oxide dound in India, but the term is now 
applied to iron oxides produced by calcination of iron liquors. 

s. 
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Three varieties of Indian Red are recognized in the trade, 
known as light, middle, ar*d' deep. The Fe^^Os content 
varies from about 50-95 per ceni:. The Indian reds are 
characterized by a very high degree cf opacity and staining 
power, and in consequence of their careful preparation, are 
finely divided pigments employed in high-class practice. 

Spanish red oxide is a naturally-occurring iron oxide 
mined in Spain. Being of rather coarse texture, and of 
fairly low iron oxide content (20-40 per cent.), its use is 
restricted to coarse red oxide paints fcr the protection of 
metal work and generally where fineness is not a primary 
consideration, such as for “ backing in linoleum manu- 
facture. It is considered by many authorities to be a 
powerful inhibitor of rust. 

Red oxide of iron is a generic term covering the classes 
of iron oxide of medium Fe^Os content, whether of purely 
natural origin or obtained by calcination of yellow ochres. 

Venetian Red is a name sometimes given to the above- 
described red iron oxide, but generally speaking, the term 
is usually applied to artificially-prepared iron oxides pro- 
duced by heating precipitates obtained by the interaction 
of ferrous sulphate with slaked lime. They consist, therefore, 
of mixtures of ferric oxide and calcium sulphate, to which 
barytes is sometimes added to still further reduce the cost. 
Venetian Red has a brighter colour than light Indian Red, 
and possesses a staining power and opacity roughly pro- 
portional to its iron oxide content. 

Turkey Red, scarlet red, rouge, and colcothar are the 
purest form of bright oxides of iron obtained by calcination 
of iron liquors. A few varieties of naturally-occurring 
oxides found in the West of England pass under the designa- 
tion of Turkey Red. Turkey Red usually contains from 
95-99 per cent, of ferric oxide, and possesses a very high 
degree of both opacity and staining power. These reds 
fetch the highest prices ruling on the market Tor iron oxide 
reds, and their use is, as a rule, restricted to purposes where 
very high opacity is needed in a paint or enamel or for use as 
Stainers. In conjunction with madder lake very rich deep 



PIGMENTS AND PAINTS 131 

reds are obtained, the hi^h opacity of the ir^n ojcide red 
compensati*g for the transparency of the lake. 

The red oxides are exceedingly permanent to light and 
most chemical agencies. Waen Jhe artificial varieties of the 
oxides are carefully prepared, i.e. free from either lime 
originating from th^ precipitant or sulphuric acid left as a 
residue from decomposition of the sulphate, they are very 
inactive to the medium. The presence of traces even of 
sulphuric acid, however, is very deleterious, and often explains 
the retardation of drying which occurs in paints containing 
them. 

Orange Lead.— Although rarely used directly as a pig- 
ment this product is one of the most important bases used 
for the precipitation of dye lakes. It is obtained by roasting 
massicot, the oxide of*lead obtained by decomposition of 
white lead, in suitably constructed chambers with access of 
air. In addition to its slightly more orange tint, it differs 
from red lead in its higher content of PbO^j, which is obtained 
hy similarly oxidizing litharge, the fused variety of lead 
oxide prepared directly from the metal. This factor is 
indirectly of importance in correspondingly reducing the 
proportion of free PbO, an undesirable constituent on 
account of its basicity and consequent reactivity with acid 
media. 

Red lead is but rarely used as a pigment alone, its main 
application being that of an addition to white lead or 
priming paints for reasons which are not very apparent, but 
are most probably the result of custom. 


Brown Pigments 

Raw Sienna is a name given to a class of earth pigments 
of brownish-yellow colour. lUie original pigment was found 
near Siena in Italy, but^ the pigments is also mined in 
Devonshire, Aimberland, and in America* Sienna resembles 
yellow ochre in composition, but does not possess quite 
the opacity, whilst its •staining power is higher. Its use, 
therefore, is restricted to that of a stainer. 
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Burnt Sjenna.— Burnt sieni>a, as its name implies, is 
obtained by calcination of «tke raw variety* •'It has an 
Drange-brown colour and in its staining strength resembles 
raw sienna. Both varietie^s art quitedast to light. 

Raw and Burnt Umbers.^— These are distinguished as 
Turkey umbers and English uniber 9 > the former being 
mined in Cyprus, and being the most valued on account of 
its strength and purity of colour. Baw umber varies ici 
:olour from a yellowish-browii to a dark-brown, the burnt 
variety (obtained by calcination) having e somewhat warmer 
tone. In composition they resemble highly manganiferous 
achres, the manganese content reaching as*” high as 20 per 
:ent. in some cases. The umbers are of good opacity and 
iiigh staining power, and are quite permanent to light. 
Dn account, however, of their high manganese content they 
must be used with caution. Crude unground umber is used 
by the oil boiler as a drier for dark-coloured oils, both iron 
and manganese going into solution in the oil. 

Vandyke Brown, Cassel Earth, and Cappagh Browp. 
—These pigments are naturally-occurring earths found in 
Germany and Ireland. In composition they resemble umber, 
but contain in addition a bituminous substance from which 
they probably derive their colour. Vandyke brown is not 
very fast to light, and is so transparent that its use is entirely 
restricted to that of a stainer, in which respect it finds 
considerable use when ground with either wmter or oil for 
conferring a walnut colour to wood. 


Purple Rgments 

Apart Trom the lakes obtained from purple dyes, for the 
description of which the reader is referred to the larger 
text-books, an ojAd^ of iron af brownish-purple tint is found 
on the market. This is known as Purple Brown hr Purple 
Oxide of Iron. It ‘is usually obtained by calcination of iron 
liquors, and when thus made does not differ markedly from 
deep Indian red. It occurs naturally in the West of England 
mines. 
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Blue JPlGMENTS 

* 

Prussian Blue. — A series of pigments prepared by inter- 
action of alkali ferrocVanide|. an^l ferricyanides with ferrous 
or ferric iron salts are of grerjt importance in the paint trade. 
The different varieties, which differ in their shades according 
to tlje materials used and different conditions of preparation, 
come on to the fnarket under various names.* Although 
the generic name of Prussian blue serves to distinguish 
pigments composefl of basic iron in combination with the 
acid radicles fgrrocyanogcn and fcrricyanogcn, the name is 
often applied to a particular shade and strength of pigment. 
Chinese blue or bronze blue is considered the linest of these 
colours, and is distinguished by its bronze cast, which 
causes it to find much favour in the manufacture of printing 
ink. Prussian blue is a second grade of Chinese blue. The 
names Paris blue, Antwerp blue, Berlin blue, Milori blue 
represent varieties slightly differing in shade from Prussian 
iTlue, and are names but little used in the paint trade. 
Brunswick blue is a reduced Prussian blue, i.c, a mixture 
of Prussian blue and barytes. 

The Prussian blues are pigments of a very high degree 
of staining power, but possessed of little opacity. They 
are fairly fast to light, but have the curious property of 
bleaching on exposure to strong light and regaining their 
colour in the dark. They are resistant to acid fumes, but 
are decomposed readily by alkalies, changing to the reddish- 
brown colour of ferric hydroxide. Care must therefore be 
exercised that they are not used in combination with pig- 
ments liable to contain alkalj material, such 3s whiting or 
China clay. Prussian blues are therefore inadmissible as 
pigments in distempers. 

Alt^iough Prussian blues were formerly proiluced nearly exclusively 
from potassium ^icTTOcySimde of ferricyamde, diliiculty of obtaining 
potash during the war led to the preparation of these blue pigments 
from the iron-cyanogen compounds of sodium. Since a small but definite 
proportion of adsorbed alkali salt forms an integral part of Prussian blues, 
the substitution of sodium for potassium is not without effect on the hue 
of the resulting pigment, the sodium blues falling behind those from 
the potassium salt in the beauty of their tones. 
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Ultramarine Blue. — Originai'-ly this pigment was ob- 
tained from its natural source 'of lazuli, and* is stated to 
be still obtained from this mineral for use an artist's pig- 
ment. It is a very important p|gment/'and is manufactured 
artificially in very large quantities by roasting a mixture of 
silica, China clay, sulphur, sodiuni carbhnate, and sulphate. 
Its ultimate constitution is not known, and the different 
varieties which vary considerably in their tone differ in their 
chemical composition. 

Ultramarine is a pigment of exceedingly bright blue 
colour which varies from a greenish-blue to a deep bluish 
violet. It does not possess great opacity, and is not so 
strong in staining as Prussian blue. It is very fast to light 
and alkalies, but is immediately decomposed on contact 
with acids with discharge of the colour and liberation of 
sulphuretted hydrogen. Ultramarine is liable to contain 
small quantities of free sulphur, and on this account must 
not be used in combination with lead pigments which give 
a black sulphide. Ultramarine is occasionally liable to 
retard diying, probably on account of its free sulphur. 

Lime Blue is an inferior variety of ultramarine often 
reduced with China clay, which is used as the principal 
blue pigment in distemper. The name was originally 
applied to pigments prepared by precipitating basic copper 
with lime, but which, however, are now obsolete. 


Green Pigments 

Brunswick Greens, of which several tints are made, and 
sometimes designated as light, nViddle, deep, and extra deep, 
consist of "a mixture of Prussian blue and chrome yellow. 
The cheaper varieties are made by reducing the above with 
barytes. The chrome yellow (lead chromate), when replaced 
by the more transparent zinc chromate, yields a green of 
peculiar beauty, which, when combined with yellow ochres, 
or umber, yield a series of fine olive greens. The Brunswick 
greens are pigments of high staining power and good opacity, 
combining the properties of their two constituents. 
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Chrome Green or^Guignet's Green.— This is a 
hydrated cJirodiium oxide .*piep*ared by hea'fing together 
potassium bichromate and boric acid. It finds its principal 
application as a pigmcint for ndiarubber as it withstands the 
temperature of vulcanizatioi] and the action of sulphur with- 
out losing its coloui* It is very fast to light and chemical 
agencies, but is of too poor a body and too dull in colour 
to co*mniend itseli for use as a paint pigment. 

Emerald Green. —This pigment consists of aceto-arsenite 
of copper, and oi> account of its poisonous properties is 
practically obsolete as a painter's pigment. Its principal 
use is as an insecticide. It is characterized by a very high 
degree of permanence and high opacity, whilst its bright hue 
is unequalled by any. other pigment. 

The Green Lakes have not found any extensive appli- 
cation in the paint industry on account of the superiority of 
the Brunswick greens. Lakes from malachite green, naph- 
thol green, etc., struck on green earth (see below) are used 
i^ distempers on account of the non-resistance to alkali of 
the constituent Prussian blue in Brunswick green. 

Green Earth is a naturally-occurring earth consisting of a 
hydrated silicate of magnesium and aluminium and containing 
small amounts of iron. The bulk of it is mined in Germany, 
but a certain amount is found in this country. It has a 
dull green colour, and has little opacity or staining power. 
It is very fine in texture and forms a good adsorbent or base 
for basic dyes which can be precipitated thereon without a 
mordant. 


Black Pigments 

The black pigments used by the painter are, in all cases 
buj: one, varieties of carbon black gbt^ined by burning 
organic substances in an atmosphere deficient in oxygen. 

Black Oxide of Iron. — Black oxide* of iron, Fe304, is a* 
naturally-occurring pigment found in ochre deposits in 
England. Whilst it possesses neither the transparency nor 
the staining power of the carbon blacks, it finds some 
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application in paints on account rpf its comparatively low 
oil adsorption (about 30 per c^n}..') . 

Gas Black consists of a crude form of parboil obtained 
as a by-product in gas work^. It is the' poorest of the carbon 
black pigments and finds but little use in paints. Its main 
application is in colouring mortar and ctoent. 

Lamp Black and Vegetable Black.— Lamp black is 
obtained by the incomplete combustion ®f various oils it! 
specially-constructed chambers. It is graded into high and 
low qualities by the distance at which the particles are 
allowed to deposit from the combustion chamber. The 
finest variety, known as vegetable black, is relatively free 
from adhering decomposition products of the oil used which 
would exercise a retarding action of the paint into the com- 
position of which it enters. Lamp black is a very permanent 
pigment of high opacity and staining power. On reduction 
with white pigments it gives cold greys. 

Drop Black or Frankfort Black. — Drop black, so-called 
from the practice, now becoming obsolete, of placing it oa 
the market in tear-shaped masses agglomerated by means 
of a weak solution of size, is obtained by heating twigs of 
trees, etc., in a closed vessel and subsequently washing and 
drying the carbonized residue. It is a black of very intense 
colour, but of a lower degree of strength than the other 
varieties of carbon blacks. It is rapidly being superseded 
by vegetable black and carbon black. 

Ivory Black and Bone Black.— As its name implies, 
ivory black is obtained by heating ivory waste in closed 
vessels in the same manner as drop black. Bone black is the 
carbonaceous** residue from thp 'distillation of bones in the 
manufacture of bone oil or Dippel’s oil, but in many cases 
the term ivory black is used indiscriminately for both 
varieties. Ivory Haqk is a black of very intense colour, apd 
is chiefly prized ofi this account, being little used as a 
Staining pigment. 

Carbon Black.— Carbon black is formed by the ignition 
of American natural gas from the sources in the neighbour- 
hood of Pittsburg, under suitable conditions of limitation of 
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access of air. It is the purest form of carbon pigment 
known, iiom 95-9^^ i^T*cent. pnnty. ♦ It possesses 

exceptionally hi^li stainifig power and opacity, and its use 
is becoming increasingly expensive. It differs from lamp 
black in giving warm brown | on* reduction with white pig- 
ments. It is of exceetlingly fine. texture, and works well either 
in oil or water, being devoid of either oily or aqueous impurity. 
it is*used for the, manufacture of high-class black enamels, 
where its fineness of texture renders it especially valuable. 
(Perrott and Thies^n, /. Ind. Eng. Chem., 1920, 12, 324.) 


Paints, PInamels, and Distempers (Water -Paints) 

There exists no ‘hard-and-fast distinction between the 
three classes of products enumerated above, paints and 
enamels especially being terms somewhat indiscriminately 
used in many cases for a similar class of product. Distemper 
or water-paint, also known sometimes by the American 
CFjrpellation of ‘‘ Kalsomine,” differs rather more in its 
composition, in that the bulk, or sometimes indeed the whole 
of the fluid portion of the contained medium consists of 
water. The three classes of product, however, are char- 
acterized by the fact that the}^ are designated for use as a 
decorative as well as a protective purpose, distemper or 
water-paint, liowever, possessing little or no protective 
action for reasons to be entered into later. A more strict 
definition of the three representative classes of products 
intended for decorative coverings, however, will be given. 

Paint, or “ ready-mixed paint,” as it is commonly 
termed, consists of a suspension of a pigment or mixture of 
pigments in a medium consisting of raw or boiled linseed or 
other drying oil, the rate of drying of which has been acceler- 
al^d by addition of a drier, the fluidity having been reduced 
to a practicable consistency for application by means of a 
small amount of turpentine or turpentine substitute. Th? 
primary object of the contained pigment in paint is to confer 
the desired colour to, or obscuration of the ground covered. 
There are, however, certain other characteristics of paint 
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which warrant its consideration fr(^ a standpoint other than 
that of merely a pigmented Itni^eed oil. In 'the^ first place, 
it is a well-known fact that the film obtained by allowing 
linseed oil to dry on a surface hardly possesses those qualities 
of hardness, impermeabilify, [veather- resistance, etc., re- 
quired to adapt it to serve as an efficient protective coating. 
The porosity of dried linseed bil lias been discussed in 
another chapter, and the origin of this ^oorosity is fnost^ 
probably to be found, on the one hand, in the intrinsic 
nature of the film or, on the other liamb in the expansion 
and subsequent contraction in volume which the film 
suffers during and subsequent to its setting to a solid. 
The partial retention of the volume of the film is obtained 
by the presence of the pigment wjiicli acts similarly 
to the inert matter which is added to various cements. 
Another point of importance is to be found in the hardening 
action conferred by the pigment on the film, acting as it 
does sometimes by chemical action in forming a heavy 
metal soap (lead linoleate, zinc linoleate, etc.), or merely by 
physical effect (silica, barytes, etc.). Finally, owing to the 
two-phase solid-liquid system created, effects of surface 
viscosity would result in a thicker film being applied 
than would be possible in the case of the unpigmented 
medium. Consideration of the attainment of obscuration 
or decorative effect by the i)resence of the pigment has 
been touched upon in an earlier chapter and need not be 
entered into beyond that arising out of the physico-chemical 
effects produced by absorption of certain rays by the pig- 
ment.* Thus the inhibition of absorption of ultra-violet 
rays and degradation to waves of longer wave-length has been 
obtained in coatings intendeef for aircraft, by the use of 
aluminium powder. 

In actual pra(;tice, however, the attainment of the 
necessary properties, of a paint devolves almost enthely on 
^he pigmentation of* the medium *to a degree fiecessary to 
obtain a reasonable opacity, colour, and fluidity (ease of 
application) . Thus, it is obvious that very light pigmentation 

♦ Eng. Pat. 131,641/1918. 



PIGMENTS AND PAINTS 


m 

with a finely- divided “ a^:tive/' ix. basic pigment, such 
as zinc oxide, would be sufhjpihnt to overcome^ the porosity 
due to sub-micrpscopic pores, whilst the ever-present slight 
acidity of raw or hoiM linseid oh would result in the forma- 
tion of a metallic soap wlJch would confer an increased 
hardness to the lilnf. However, pigmentation beyond this 
stage is always attained in paints, and the limit is bounded 
by the point at which excessive addition has the effect of 
leaving the pigment in an insufficiently bound state. This 
latter condition mtiy be one of several degrees ; the first 
stage of which^ would be represented by the condition in 
which the paint film would dry with a surface devoid of 
gloss (“flat paint”), but with a considerable degree of 
hardness and resistaiK:e to wear. Pigmentation to a further 
degree, however, would ultimately result in the dried film 
being in a powdery condition due to insufficient cementing 
medium. Beyond the degree of pigmentation above referred 
to as necessary to fill the sub-microscopic pores of the linseed 
dl film, further introduction of pigment results in diminished 
impermeability to gases and moisture. This point is borne 
out by the results of some unpublished experiments by one 
of the authors. When paint films of different degrees of 
pigmentation were examined for their permeability to water 
vapour, it was found that, beyond the point at which drying 
resulted in a matt coating being obtained, a very great degree 
of permeability resulted, intermediate degrees of permeability 
being roughly proportional to increasing pigmentation.* 

In practice it is found that the degree of pigmentation 
necessary in white paints is arrived at by obtaining that 
balance of pigment to mediuyi when a maximum opacity is 
produced without impairing more than is necessary the 
protective action of the film, or, in other words, its impermea- 
bijity. This latter point is >udged by, the relative gloss on 
the dried film since it i.s, obvious that* high pigmentation 
reduces the gloss of the film. * * 

At this stage it is necessary to introduce the subject 

* See also A. de Waele, Proc. Oil and Colour Chemists' Association, 
99, 2, 13, 106. 
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of a qualifying factor when referring to “ relative pigmenta- 
tion/’ In tfie chapter on Pifments, the meaning of the 
term oil absorption has been explained as that minimum 
proportion of oil necessary to |ransfofm unit weight of dry 
pigment to a definite paste, leaking as a specific instance 
two pigments of extreme oil- absorptions — white lead and 
carbon black, having oil absorptions of 8 per cent, and about 
250 per cent, resiiectively — it is obvious ‘that the relative 
pigmentation of two paints containing, in the one case, 
white lead, and in tlie other, carbon black, will to a certain 
extent be dependent on this factor of oil absorption. Thus, 
a white lead “ ready-mixed ” ])aint containing 30 lbs. of 
raw linseed oil per 100 lbs. of jiigment will be relatively less 
pigmented, ix, better “ bound ” with medium than a carbon 
black paint having the same relative proportions of pigment 
to medium. A carbon black paint of relatively similar 
pigmentation to the white lead paint of the composition 
described would therefore contain considerably more oil 
although the relationship is not directly juoportional to the 
relative oil absorptions of the two ])ignients.* 

The question of the application of the two systems of 
uses of pigmented coatings, under their respective designa- 
tions. of paints and enamels, will be dealt with next, in 
order to show the differentiation between the two products. 
The classification into paints, on the one hand, and enamels 
on the other, is more easily grasped when the two classes 
of products are regarded more as materials employed in 
different systems of protective decoration than merely as 
different products. Considering first of all the problem of 
the protection of a surface, preferably wood, the various 
factors arising in the finished coating are : — 

(i) Obscuration of underground and pigmentation. 

(ii) The applic^atipn of a weather-proof and wear-prgof 

layer to isolate the undq-rground from the destruc- 
tive influence of weather, abrasion, eT;c. 

(hi) The production of a final layer on the surface of 
such a finish as to hide the* physical imperfections 

♦ de Waele {loc. at.), p. 115. 
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of the underground, e.g. holes, cracks, grain of 

v^od* etc. ^ • i ‘ 

In the system of ust? of paints, all three objects are 
obtained siinulthneoi;sly as far as the perfection of the 
product renders it possible} hf repeated applications of 
layers of paint of nearly similar composition, obscuration 
being dependent on the use* of a sufficient number of layers. 
'^TheVeather resistance and resistance to mechanical wear 
obtainable is, however, limited by those properties intrinsi- 
cally found in the medium used, both raw and boiled linseed 
oil, however, not being very efficient in this respect. The 
third factor of* finish,” depending as it does on the final 
attainment of a plane, porcelain-like surface, whether glossy ^ 
or otherwise, is impossible of realization in a paint of the 
composition referred to, for reasons which will be entered 
into when discussing enamels. It is necessary to remark, 
when considering the system of application of paint, that 
although no actual differences arc usually made in the 
composition of the materials used in the different coatings, 
in the initial or priming coat a paint of somewhat different 
physical properties is required . The reason becomes apparent 
when the first coating is applied to a very absorbent 
surface, e.g. wood. Owing to the capillarity of the wood 
cells it is necessary to apply a coating which will not 
only penetrate the grain of the wood to form a “ key ” for 
the next coating, but that this coating, once dried, shall 
not be so reduced in its “ binder ” or oil medium by capillary 
attraction of the wood cells that it will powder off. This 
end is attained by pigmenting the paint somewhat more 
lightly in order to ensure* more available medium whilst 
reducing the viscosity, or, in other words, inci;easing the 
penetrative power by diluting the oil medium more largely 
with volatile thinner (turpentine or turyentine substitute). 

A* proportion of red lead along with the, white lead or other 
pigment chocen is usualTy added, with the alleged objec1» 
of promoting oxidation of the oil deep in the cell layers. 

In the system of .painting by application of enamels, 
however, the three desiderata required in the protective 
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coating are obtained severally by successive application of 
layers of di'dering physical- properties and composition. 
The priming or first layer as aTule differs little in composi- 
tion from that used in ordinary paints, although it must 
be stated that since ename’^s a|e usually sold as proprietary 
preparations of the different manufacturers and their com- 
positions are not divulged, they allow of more ingenuity 
being exercised in their preparation with a view tO the 
attainment of a more efficient sealing or priming ” coating. 
Thus, in the first place, it will readily be, conceded that the 
necessity for obscuration to a degree beyond that necessary 
for convenience in application in this coating is hardly 
necessary, whilst, on the other hand, a quick-setting film, 
drying without a gloss, but leaving a surface with a better 
“key'’ or surface for subsequent coating than would be 
afforded by amorphous pigment particles is desirable. This 
end is attained by choice of a suitable medium and incorpora- 
tion therewith of hard-setting pigments, e.g. white and red 
lead, together with pigment possessing good “ bite ” or 
“ key,” e.g. silica from crushed quartz. Improvements are 
also obtained by incorporating with the product sub- 
stances which reduce the tendency of the heavier pig- 
ments to settle in the container, e.g. China clay, asbestine, 
etc. 

In the subsequent coats, a layer of sufficient thickness 
to cover over any imperfections existing in the grain of the 
wood is required. Here, again, the necessity for obscuration 
or pigmentation is not paramount, the requirements of a 
comparatively quick-drying, well-flowing coat of reasonable 
thickness being of more importance. These objects are 
obtained by the use of specially-treated media with a degree 
of pigmentation consistent with moderate porosity. Solidity 
or hardness of the^ coating is obtained by choice of suitable 
pigments usually without regard to their colour. •A gdod 
k solid foundation obtained as aboVe is regarded in practice 
as the basis of decorative work, a levelling-off to a plane 
smooth surface being attained by ^he practice of cutting 
away surface imperfections with pumice, etc., and 
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water, leaving a stone-like ground for the application of the 
succeeding or decorative coctsh ' 

Actual pigmentation ’ is produced in the coatings next 
considered, white being taken under this heading for pur- 
poses of convenience. In coating, neither weather- 
resistance nor impermeability, need be considered, as these 
requirements need only be’ present in the final or surface 
tayer. The pigmenting or “ colour ” coat should consist 
of a pigment or mixture of pigments of maximum strength 
(tinctorial power or opacity) ground in a medium which, 
although not limited in the proportion of drier it contains by 
any considerations of weather-resistance (excessive amount 
of driers being detrimental to lasting properties in an 
exposed him), should, however, not be siccatized to such 
an extent that any appreciable solution in the final or 
protective layer occurs. A very fine degree of subdivision 
of the pigment and drying of the coat to a “ flat finish 
is necessary, since no surfacing by flatting with pumice, etc., 
is permissible on account of the comparative thinness of the 
layer. The point as to the necessity for application of 
enamel to a “ flat,” i.c. granular or toothed surface, should 
be emphasized here, as it is a well-known fact that com- 
paratively impermeable coatings, such as glossy enamel or 
varnish, do not hold or key ” well to glossy undercoats. 

The final, or protective, layer merits special consideration. 
A system of coatings has been described, so chosen that their 
successive application furnishes practically a continuous 
layer intimately bound with and extending into the cells of 
the wood, of such a thickness that the surface imperfections 
of the ground on which they kre applied is completely covered 
and of a solidity and hardness consistent with the require- 
ments for which the article coated is to be subjected. In 
addition, a surface layer, has been obtained of a richness of 
pigmentation only limited by the intrinsic physical pro- 
perties of th^ pigments contained in the colour coat. In^ 
consideration of the weather-resisting and elastic properties 
of oil varnishes, it might be concluded that a layer of such 
would afford the degree of protection against weather and 
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wear which is required to complete the structure, and such 
it would prct'^^e to be, werb it- ijot for the fa'ct tJiat in many 
colours or schemes of decoration ‘the delicacy of the tints 
are such that the colour, conferred bye the succeeding goat of 
oil varnish, would be suffi(^ienl{ to destroy the purity of the 
colour effect desired. At the same time, it must be pointed 
out, that in the high-class practice of the coach painter, 
W'hen pale colours or delicate tints are not at issue, finishing 
by means of varnishes is usually practised. 

The use of the finishing coat of glossy enamel, however, 
finds its main apidication in the case of the pale and delicate 
tints referred to, wdiite enamel being an important variety 
and forming a class of its own. The ilnishing enamel, there- 
fore, consists of a medium i)Ossessing special properties of 
weather- resistance and How, jiigmeH'ted to just such a degree 
that the natural yellow or amber colour of the varnish is 
overcome. There are many difficulties connected with the 
manufacture of such a product which are readily realized 
when it is considered that of all the white pigments for i^se 
in white enamel, pure oxide of zinc alone is suitable on 
account of its fineness of subdivision and susceptibility to 
forming to a great extent a colloidal suspension in the 
medium. Zinc oxide, being a very activcly-basic pigment, 
readily forms combinations with the gum-resins existing in 
oil varnishes, with resultant increase in viscosity in many 
cases to a degree rendering such pigmented varnish unsuit- 
able for use. There are, in addition, certain physical 
desiderata of enamels connected with their flow, on applica- 
tion, etc., which can hardly be discussed here, and which 
make the manufacture of suck products a branch usually 
left to an expert. In general, however, it may be stated 
that the composition of glossy enamels lie in the following 
directions : — . 

The Medium. 1— Whilst in ordinary ready-mixeti paints 
r the media consist of raw or boilefi linseed oil, •such products 
would not possess the necessary physical or chemical pro- 
perties required in an enamel for finishing. The instability 
of oxidized raw or boiled linseed oil has already been 
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discussed, ancJ a consideration of the figures for variation 
in weight w^tli time show* that% disintegration# of the dry 
film sets in very rapidly* after the maximum increase in 
w^eight due to (3xygey absorption has taken place.* In 
addition to this, the comparat vclf low viscosities, or, rather, 
the surface tensions both raw and boiled oil, would not 
result in that freedom of flow on application of the enamel 
that in desired in ^naniel surfaces. Thus, relatively greater 
stability to atmospheric infiuences. together with increased 
viscosity and surface-tension, are attained by the employment 
of a medium in which the oil ])resent is more or less in the 
form of pol^miefized molecules. vSuch w'oukl be found in 
both oil varnishes and linseed oil thickened by heat (“ stand 
oil”). On account of the high acidity of the gum-resin 
present in oil varnishe#;, and the basicity of the zinc 
oxide pigment which is exclusively used for the pigmenta- 
tion of the best white enamels, a medium consisting wholly 
or almost entirely of stand oil is to be preferred, as the 
reaction between the acid resin and the basic pigment, 
resulting as it does in undue increase in viscosity of the 
medium, needs to be regulated by further addition of volatile 
solvent with consequent low volume-concentration of fixed 
medium in the film applied. 

Certain manufacturers, however, employ gum varnishes 
containing kauri gum for their media, the resin from such 
having, in contradistinction to others, quite a low acid value 
after running ” or fusion. Of recent times, processes 
have been patented for obtaining neutral gum-resins for 
varnish making by forming glycerin esters of the fused gum- 
resins,f whilst certain manufacturers have been# successful 
in employing glycerin esters of*colophony as substitutes for 
gum-resins. In general, however, stand oil ’ ' hardened with 
a small proportion of elastic gum varnish i^ used, although 
marty pjrt ducts are on the market in which the medium 
consists of speciglly-treated * stand oil ” de^mid of gum-resin. 
The principal advantage of the media of the pure stand oil ” 
type is in their need for a flower i:)roportion of volatile thinner 

* Cf. pp. 41 and 45. f Eng. Pats. 23054 and 23,055 of 1914. 

S. 10 



146 RUBBER, RESINS, FAINTS AND VARNISHES 

to attain a similar viscosity when compared with gum- 
resinous media This latter factor in the media of the stand 
oil " type reacts favourably on the xlow of the coating applied, 
in addition to resulting in a thicker film being obtained 
after evaporation of the vblati^e solvent. 

The Pigment. — In the case of white or pale-coloured 
enamels derived from white, the pigment used is exclusively 
zinc oxide, tlie porcelain-like effect of the dried cbating 
being unobtainable with any other white pigment for the 
reasons previously stated. To obtain fair opacity with 
overcoming of the slight colour of the medium to obtain 
a pure white, a degree of pigmentatioi! in the neigh- 
bourhood of 65-75 parts of medium (free from volatile 
thinners) to 100 parts of zinc oxide is necessary, a lower 
degree of pigmentation yielding a poor white and a soft 
him, whilst a higher degree impairs the gloss and how of 
the enamel. 

The case of enamels of a colour other than white and 
tints derived therefrom would require separate considera- 
tion for each pigment, and is beyond the scope of this work. 
Certain general principles, however, hold over the whole 
range of pigments. Thus, the maximum degree of pig- 
mentation referred to above must not be exceeded. The 
“ activity '' of the pigments used needs to be very specially 
considered, particularly those which have a tendency to accele- 
rate oxidation, since an undue rate of oxidation in a highly 
glossy him will manifest itself as a loss of gloss due to a micro- 
scopic reticulation of the surface owing to volume changes, 
etc., before any appreciable deterioration of elasticity, etc., 
takes plac^. Another cause of loss of permanence in gloss 
is oil-solubility bleeding ”) of certain lake pigments, 
notably that of madder. The relatively low opacity or 
tinctorial power of certain pigments is also a source of 
difficulty, since the degree of pigmentation has to oe main- 
tained strictly within a limit. r 

The Volatile Thinners. — Little need be considered here 
in particular relation to enamels. American turpentine is 
the solvent!usually*chosen on account of its better properties 
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of volatility, small distillation range, and solvent . action 
over that o^ its* substitutes, j Tlie higher cost fieed hardly 
be considered in view of the comparatively low proportion 
present in enamefs. • 

MANUFACTUfiE OF PAINTS AND EnAMEES 

From the foregoing description of the functions of 
^^ints^ it will readily be conceded that to obtain those pro- 
perties of smoothness permitting of their employment in 
the manner described, the question of efficient subdivision 
and thorough amalgamation of the constituent ingredients 
will be paramount. From elementary physical considera- 
tions, it will be apparent also that the most perfect amalga- 
mation of solid and liquid phases would be obtainable by 
minute subdivision of the pigment, this condition favouring 
the formation of a maximum surface of the latter. Thus, 
the functions of paint-making machinery are, firstly, that 
of the obtainment of solid/liquid pastes of as high a degree 
of dispersion of the former as possible, i.c. fineness of 
grinding, and, secondly, even distribution of the solid phase 
in the liquid, i.c. thorough mixing. 

The paint manufacturer proper is not concerned with 
the business of the preparation of his pigment in a suitable 
state for grinding into paint, this being the domain of the 
pigment maker, hence paint makers' pigments arrive on the 
market in a more or less finely divided condition. The 
grinding of pigment in the medium, however, has for its 
object that of the breaking down of agglomerates of fine 
particles and the isolation of the latter from each other by 
a skin or layer of medium. vSu?:ti an effect cannot be obtained 
even with the finest of pigments by capillarity alone, a con- 
siderable degree of pressure being necessary to obtain the 
effect. Hence, a consideration, of the psintiple underlying 
the various types of plaijt used for glinding pigments 
in oil. will sho\^ that in every case the” effect aimed at 
is the bringing together under pressure of a thin layer 
of pigment and medium*. Generally speaking, the manu- 
facture of the finished pamt from the raw materials, 
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f, 

pigment, oil, and volatile thinner, divides itself into three 
stages : — ^ ^ f " <• 

(1) The preliminary incorporaltion of the solid pigment 
with the oil to form a paste of pigment- agglomerate with 
oil. In more modern machinery, the agglomerate is partly 
broken down in the preliminary stage. *' 

(2) The subdivision of the oil pigment-agglomerate to a 
finer state. This may be accomplished in one or two s\age^.' 

(3) The dilution or thinning of the paste to a fluid paint 
of workable consistency. It is obvious that it would be 



Fig. 16. — Torrance & Sons’ “ Perfect ” Mixer 


inexpedient to perform the actual grinding, asdn Stage II., 
to a fluidity other than the stillest, if only on account of 
the lesser weight of material to be treated. 

The mechanfsn? of the operations involved will best be 
understood by reference to descriptions of the machinery. 

Stage L — Preliminary Mixing of the Pigment with Oil. 
In this stage the mechanism of the process consists in the 
forcing of the cohesion and capillary attraction between the 
medium and the pigment agglomerates without, however, 
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of volatility, small distillation range, and solvent . action 
over that o^ its* substitutes, j Tlie higher cost fieed hardly 
be considered in view of the comparatively low proportion 
present in enamefs. • 

MANUFACTUfiE OF PAINTS AND EnAMEES 

From the foregoing description of the functions of 
^^ints^ it will readily be conceded that to obtain those pro- 
perties of smoothness permitting of their employment in 
the manner described, the question of efficient subdivision 
and thorough amalgamation of the constituent ingredients 
will be paramount. From elementary physical considera- 
tions, it will be apparent also that the most perfect amalga- 
mation of solid and liquid phases would be obtainable by 
minute subdivision of the pigment, this condition favouring 
the formation of a maximum surface of the latter. Thus, 
the functions of paint-making machinery are, firstly, that 
of the obtainment of solid/liquid pastes of as high a degree 
of dispersion of the former as possible, i.c. fineness of 
grinding, and, secondly, even distribution of the solid phase 
in the liquid, i.c. thorough mixing. 

The paint manufacturer proper is not concerned with 
the business of the preparation of his pigment in a suitable 
state for grinding into paint, this being the domain of the 
pigment maker, hence paint makers' pigments arrive on the 
market in a more or less finely divided condition. The 
grinding of pigment in the medium, however, has for its 
object that of the breaking down of agglomerates of fine 
particles and the isolation of the latter from each other by 
a skin or layer of medium. vSu?:ti an effect cannot be obtained 
even with the finest of pigments by capillarity alone, a con- 
siderable degree of pressure being necessary to obtain the 
effect. Hence, a consideration, of the psintiple underlying 
the various types of plaijt used for glinding pigments 
in oil. will sho\^ that in every case the” effect aimed at 
is the bringing together under pressure of a thin layer 
of pigment and medium*. Generally speaking, the manu- 
facture of the finished pamt from the raw materials, 
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butter-like paste, both on account of its rapidity and the 
perfection o( the results obtaijied. In the ‘Torrance Patent 
Silent Quadrant Roller Mill (Fig. t8) we have a combination 
of three granite rollers geared at differential and increasing 
speeds from back to fronb (feed to delivery) through quad- 
rants, i.c. intermediate spur wheels, enclosed in oil-baths, 
thus allowing for wear of grinding surfaces without corre- 
sponding bedding ” of their respective gears. A latersd 
motion is imparted to the middle roller by a differential 



Fig i8. — Torrance “ Patent Silent Quadrant ” Roller Mill. 


gear similar to that on the reaic axle of an auto.mobile, thus 
ensuring, even wear of the rolls and avoidance of ridges. 
The material from the mixer (Stage I.) is fed by hand or 
from a hopper pn to the back (slowest) roller, whence it 
travels by contact to the middle, and finally to tne front 
(fastest) roller, a ductor or scraper removing it after treat- 
ment. Fig. ig shows the Torrance Combination Mill 
embodying the pan-mill automatically delivering to a pair 
of roller mills in tandem. It is necessary to remark that a 
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combination of more than three rollers in a roller mill 
has, in genetal, not been found ^xphdient owir^ principally 
to the resulting overcotning of adhesion by centrifugal 
force 911 the deliVery xoll in consequence of its high speed. 
It is to be noted that the •roller mill described is 
designed for treating a paste as distinct from a paint of 
workable consistency. This is no disadvantage, since 
neducfion of a ground paste to a working consistency is 
easily accomplished by simple agitation without further 



Fig. 19. — Torrance & Sons' Patent “ Combination " Mill. 


disintegration, and, moreover ^such treatment in' the paste 
form is actually advantageous from the point of 'view of 
rapidity of output. 

for the satisfactory grinding to a stiff paste of pigments 
in two mutually immiscible media, i.e. oi 4 and water, such 
as obtains in “•patent driers,” the flat stone mill consisting 
of two granite discs superposed in a horizontal plane, the 
lower one being fixed and the upper being revolved, is used. 
The contact faces of the stones are grooved in order to allow 
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passage of the material from tlie^ centre feed to the delivery 
at the circus if erence. ‘ 

Although the triple granite /bller mill has practically 
supplanted every other type of miU for the purpose, the 
cone mill (Fig. 20) still l?nds some favour, mostly for the 
preparation of small trial batches of'paints and enamels, 
although some manufacturers still retain it under an impres- 
sion as to its greater efficacy in producing subdivision. Ki 
general, however, it may be stated that, apart from laboratory 

use, 6 its main function 
lies in the direction of 
the grinding of pigments 
in volatile media, e.g. 
spirit varnish paints, 
‘pigmented ‘‘ dopes,” etc., 
where the large surface 
exposed on the roller mill 
would be inadmissible. 
The new Disc ” miJJ of 
Messrs. Torrance & Sons 
(Fig. 21) is an improve- 
ment on the cone mill 
principle, in that both 
a rotary and an eccentric 
motion is imparted to 
one of the grinding sur- 
faces of the granite 
stones. 

Stage III. Apart 
from the consideration of economy and speed of output, 
the “ dilution ” of the ground paste paint to the finished 
product can well enough be accomplished by hand. One 
type of mixer Fig. 16) ^ which has been previously re- 
ferred to as a mixer for amalgamating dry pigrnent and 
‘ medium, is equally applicable for thinning 'the paste to a 
working consistency. 

The degree of treatment necessary to produce pastes of 
a sufficient degree of subdivision depends on both the 



Fig. 20. — Cone Grinding Mill. 

(a) Hopper ; (6) Upper Grinding Face ; 
(c) Lower Grinding Face , Collect- 
ing Channel (spout not shown) ; {e) Ad- 
justment. 
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nature of ,tlie pigment and the purpose of the product. An 
insufficieiKiy cff grinding, jesifltiilg in the iippearance of 
aggregate ^ particles of larger size than in the bulk, will 
obvigusly not fiave ^ich an importance in a paint intended 
for -the protection of farm buiftiings, etc., as in that for a 
glossy enamel. Nevertheless, uniform and fine subdivision, 
resulting as it does in the presentation of a minimum of 



Fig 21. — ^Torrance & Sons’ Patent “Disc” Mill. 


surface for. a given area co\%red, always tends towards more 
adequate protection. 

The manufacture of enamels does not differ in kind 
from that of paints excepting that th^ grinding treatment 
in the former case is always carried to » greater degree, and 
correspondingly more care is exercised "in the manufacture.* 
Since, however, certain types of enamels require grinding 
in a special medium, often containing an appreciable quantity 
of volatile thinner, the plant used for grinding must be 
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chosen with due regard to the minimization of loss of 
thinner by eTaporation. ' Ifi e:jptreme cases/ thet cone mill, 
with its lesser area of grinding Surfaces exposed during 
operation, must be used in place of tho roller mill. 

Since, as stated above/ paints are products intended 
to perform all the functions desired iir a coating, as dis- 
tinguished from enamels in which each function, i.e. filling, 
priming, undercoating, and finishing, is represented separately 
over a number of coats, the coni2)osition of the former 
products requires somewhat special consideration. Thus a 
paint should possess reasonable opacity, tinctorial power, 
flow, viscosity, and surface tension, and the 'attainment of 
all these objects in one j^roduct is often a matter of some 
difficulty. The properties of the con:^non pigments have 
already been referred to (see chaptel on Pigments) , so that 
a recapitulation of the principles governing the choice of 
ingredients in a paint will be all that need be recalled at 
this juncture. Without purporting to form any but a very 
general classification, the subdivision of paints under the 
headings of their various basic colours will form a scheme for 
their consideration with regard to the principl es referred to. 

White Paints. — Sinee in pigments of this colour, opacity 
and staining power, although not synonymous or necessarily 
of the same order, are always present together, a white 
paint may consist of one or a mixture of the eommon white 
pigments, raw or boiled linseed oil, drier and volatile 
thinner. The addition of “ inert pigments, other than in 
a proportion necessary to confer tooth " or crystalline 
structure to an otherwise too soft pigment, c.g. zinc oxide, 
must be looted upon as an adulteration. As detailed under 
“ Manufacture of Paint,” the paint in its paste form is thinned 
to a working consistency (“ ready-mixed paint ”) by means 
of more oil and volatile thinners. These latter additions 
must be made with due regard to the physical pro{)erti&s 
desired in the finished product, too small an a^idition of oil 
resulting in a deficiency of flow, whilst too much oil added 
results in poorness of body, etc. Gi^nerally speaking, the 
amount of thinner in the finished paint is a fixed proportion 
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relative to the total oil present. The addition of thinner 
regulates Hie thickness of ^he*filfn applied varying its 
viscosity. The proportion of drier to be added to a paint 
will be dependent qh the diy-ing power desired and the 
intrinsic enhancing or inhibiting properties of the pigment. 

‘‘ Tinted ” whi>e jiigments, i.e. pale tints, are usually 
prepared by addition of T:lie tinting pigments ground in 
% past^ form to the, ready-mixed paint. 

Red and Brown Paints. — The bright red paints, e,g. 
“ Post Office Redn'’ “ Signal Red,” ‘‘ Cardinal Red,” etc., 
are obtained by dependence for tinctorial power on the 
lake pigments {q.v.), vermilion finding application only in 
special cases, owing to certain undesirable properties which 
it possesses and to it§ expense. The red lake pigments, how- 
ever, although of liigl/ staining power, possess, as a rule, 

. relatively little opacity, since the majority of them are 
struck on a transparent base, ix. blanc fixe, alumina, etc. 
The opacity of these pigments, however, may be increased 
by precipitation of the dye on a base of high opacity such 
as orange lead, white lead, or lead sulidiate. The employ- 
ment of lakes jirecipitated in the latter manner is the 
expedient usually resorted to in the manufacture of paints, 
but the presence of lead in the base mitigates against their 
successful employment in glossy enamels. Increased opacity, 
therefore, in the latter class of product is usually obtained 
by employment of a red lake precipitated on a comparatively 
transparent base in conjunction with a proportion of inert 
filler such as blanc fixe, having for its object the pro- 
duction of a thicker coating of increased opacity without the 
corresponding alteration of •tone which would be obtained 
by addition of an opaque pigment such as white lead, etc. 

The question of ” bleeding ” of certain red lake pigments 
applies rather more in the case of glossy enamels, as the 
sotubiuty of the organic dye often adversely influences the 
gloss, rate of drying, etc. 

Whilst the production of satisfactory paint and enamel 
products of bright red, colour is one of the most difficult 
propositions in the paint industry owing to the somewhat 
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unsatisfactory nature of the dyes at our disposal, the 
natural and cirtificial ecfrth o^jides offer a’^wid^ range of 
.products for the production of paiiYts and enamels of a high 
degree of fastness to light and good opacity. The staining 
power and opacity of such 'a pigment as Turkey Red is of 
such a high degree that considerable reduction of the same 
with an inert filler is expedient. Intermediate shades of 
maroon, purple brown, etc., are obtained by combinhtion'' 
of lake reds with iron oxide iiignients. 

The naturally-occurring and artificiaky-prepared oxides 
of iron, having contents of Fe203 from lo per cent, upwards, 
form the basis of the iron oxide paints that are so largely 
used in the protection of iron structures, their permanence 
and supposed rust-inhibiting effects milking them especially 
popular in this respect. It should be stated, however, that 
some varieties of iron oxide reds prepared by ignition of iron 
sulphate are liable to retard drying of paints, probably 
owing to their persistent retention of free sulphuric acid 
and soluble salts. The addition of basic lead chromate 
(“American vermilion"), zinc chromate, red lead, and 
zinc oxide to iron oxides is stated to render these paints 
rust inhibitive.* 

Yellow Paints. — The bright yellow paints are almost 
exclusively prepared from lead chromates. The chromates 
of zinc and barium are never used alone for the production 
of yellow paints on account of their relatively low opacity 
as compared with those of lead. Owing to the unnecessary 
thickness of coating applied and their high opacity, lead 
chromates are commonly reduced with inert pigments such as 
barytes, in the manufacture of pdnts. They are usually good 
driers and possess good permanency, excepting in the presence 
of acid or sulphurous fumes, a failing common to all the lead 
pigments. , 

The naturally- occurring ochres place at the disposal' of 
Hhe paint manufacturer a wide range of pigments for the 
production of paints and enamels of a more subdued yellow 
than those described above. Some varieties mined in Italy 

* Cf Gardner, " Paint Researches," 1917, p 116. 
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possess exceptionally high staining powers and opacities, 
the tones ofctamed by the!r redftctfbn with pi^iients of high 
opacity closely siinulatiitg those obtained from the chrome, 
yello'^s. The yello\^; ochres represent perhaps the most 
permanent of pigments. * 

Green Paints. -"-The various shades of green in paints 
are almost exclusively obtained by a combination of blue 
^and ^yellow pigm^^nts, the pigment compounds possessing 
a green colour, per sc, viz. emerald green and oxide of 
chromium finding* very restricted application for reasons 
already explained. The brighter shades of green are 
obtained by combination of lead chromates and rrussian 
blues, the high opacity of the former and high staining 
power of the latter p^articularly fitting the combination as a 
strong compound pigihent. Qjeens made on such basis 
• {" Brunswick greens'") are fairly fast to light, the fugitive 
component being the Prussian blue, which has a tendency 
to bleach on ex])osure to light, the original colour, however, 
rej:urning in the dark. The duller shades of green, viz. 
olive green and bronze green are obtained by substitution 
of cliromates of zinc or barium in the one case, and bright 
yellow ochres in the other, in place of lead chromate. 

Blue Paints. — ^The colour of these paints is exclusively 
obtained from ultramarine and Prussian blues. Neither 
pigment possesses a high opacity, and since alteration in tone 
to a muddy colour results by reduction with opaque white 
pigments, it is the practice to obtain satisfactory coatings 
by reduction with inert transparent fillers, the result of 
which is to increase the thickness of film applied. The 
intensity of colour (depth 6r low light-refiectiiTg-power) of 
these pigments being very great, reduction is ah^ays prac- 
tised, as otherwise the quality of the colour is not apparent. 
The varieties of ultramarine ^nd ferrouyanogen blues place 
at the disposal of the pi^int manufacturer a wide range of 
tones ranging,*in the case of ultramarine,’ from a greyish-blue 
to a reddish-purple, and in that of the ferrocyanogen blues 
from a greenish-blue t© a deep blue of pronounced bronze 
tint. Paints containing much ultramarine blue are often 
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found to be “ bad driers,” the precise reason for which is 
not accuratelp known, the suggestion of tlie presence of 
free sulphur being a popular explz^nation. Ferrocyanogen 
blues, however, are good driers, the slight solubility of iron 
in the medium used being a probable explanation. 

Black Paints. — The several black pigments used in 
paint and enamel manufacture have already been described. 
The black pigments all possess the general characteristic 
of comparatively high staining j')owers when compared with 
other staining pigments, in addition to v/hich they possess 
considerable opacity. These characteristics, taken in con- 
junction with their very high oil absorptions, make it 
inexpedient to employ them as sole pigments in paints. 
They are therefore used in conjunction with other pigments. 
Indeed, their high staining power, generally s])eaking, is 
such that it is possible to incorporate quite large proportions 
of opaque jugments such as white lead into black paints. 
The high degree of perfection of flow required in glossy 
enamels makes it necessary to exercise great care in the 
selection of black pigments for these preparations, the large 
proportion of adsorbed oily impurities in lamp black having 
a very adverse effect on the flow and drying properties of an 
enamel containing it. 

Commercial Paints. — When speaking of paints in the 
foregoing pages, ready- mixed ” paint or paint of a con- 
sistency ready for application containing the necessary 
driers is understood. Nevertheless, the larger users, such 
as the public bodies, railway companies, etc., are in the 
habit of purchasing paint in the state of stiff paste, the 
ultimate users, i.e. the craftsmen employing the material, 
thinning down the paste themselves to a working consistency 
with oil and thinners and adding the necessary driers. It 
has already been shown that the necessary grinding takes 
place entirely in the stage preliminary to thinning, so that 
such a practice is of no disadvantage to the consumer, and 
shows advantages in both economy of transport and possi- 
bility of storage without loss by evaporation or formation 
of skins, as driers are usually not present in the paste form 
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of paint. Such oi. the coach painting trade as have not 
adopted tit system of decorating hy enamels, ^also purchase 
paint in the paste form> wrfereby they are enabled to thin 
down to a workihg consistency with any medium they choose. 

In regard to flat-drying pain»ts, the ordinary paste paint 
referred to would i)e unsuitable, as the proportion of oil 
carried would be in excess -of that which would dry with a 
%mati? surface eve^i if the necessary thinner were to consist 
exclusively of volatile solvent. For such purpose, paste 
paints are product in which the grinding medium consists 
of a mixture of quick-drying varnish (goldsize) and volatile 
thinner. vSuclf paints are variously known as turps 
colours,” “ ready-bound colours,” or colours ground in 
turpentine.” On account of their deficiency in non-volatile 
binding medium, care^ has to be exercised that undue 
. evaporation does not occur, or dSficulty would be experienced 
in subsequently diluting to a thin consistency. 

Distempers and Water Paints 

When decoration, or more strictly speaking, coloration 
of a surface without corresponding protection to an 
appreciable degree is desired, the employment of a dis- 
temper or water paint is resorted to. vSuch cases would 
arise in, e.g. interior decoration of walls, panels, etc. It 
is obvious that when mere coloration or obscuration 
of a surface is desired, the question as to the relation 
between pigmentation and impermeability will not arise 
in so far as the application of the principle applies to the 
securing of impermeability. Thus, pigmentation can be 
carried to a degree only limited by the binding power of 
the medium, i.e. the proportion of medium to pigment in 
the dried film need only be the minimum necessary to secure 
cohesion. Bearing this fact m mind, i^ if evident that the 
problem of the composition of a decorative paint is some- 
what simpler* than that of one in which impermeability,* 
etc., is necessary, by reason of the important fact that the 
medium in the dried coating being at a minimum, the influ- 
ence of closeness of refractive index of medium to that of 
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pigment (see above, p. 109) in producing lack of opacity 
will not be sc^ great. To nKike^tbis clear, we inc.y consider 
the extreme case of a film of pigment cpiitc devoid of medium. 
Granting optical discontinuity in the jiartic'lcs of pigments 
themselves by great subdivision, we have therefore to con- 
sider an optical syvstcm air/pigment, the low refractive index 
of the former in comi)arison with that of the pigment which 
we may take as being no lower tlian i‘4,* acting foi the 
attainment of the inaximuni opacity or optical discontinuity. 
The increase of o])acity taking place as^/a fdiii of whiting 
and water dries is thus explained. It should be remarked, 
however, that in consequence of the fact tllat such paints 
contain a proportion of non-volatile medium below that of 
their spccijic absorption, the dried lilms obtained therefrom 
will be devoid of gloss. ^ * 

The degree of binding medium, i.c. the reverse of “ rela- 
tive ])igmentation,” varies considerabl}’ in the several 
varieties of water paints used cominercially. “ Tiinewash ” 
and ‘‘ whitewash ” may be taken as being representative of 
the low^est members of the class, being merely aqueous 
suspensions of lime and whiting res])ectively. “ Lime- 
wash is used where disinfectant effect together with 
obscuration is aimed at, on the w'alls of cow’-sheds, etc. 

Whitew ash ” is irsed wlrere temporary obscuration of a 
surface is desired, glass, ceilings, etc. How^ever, neither 
of these products can strictly bear the api)ellation of water 
paints, owing to the absence of binding media in the dried film. 

The introduction of a proportion of binder together 
with an attainment of those properties of increase of 
viscosity, interfacial (pigment/itiedimn) tension, etc., which 
characterize a suitable product are in one class of water 
paint obtained by the use of glue, glue-size, gum, dextrine, 
or starch. Such 4 paint results in a more evenly-distributed 
coating of greater }:hickness than if water were used'alofie, 
' and under most conditions obtaining in protected situations, 
of great permanency. Comparatively little binder is neces- 
sary for a large amount of pigment,^ so that the latter may 
* Cf. Gardner, “ Paint Researches,’* 1917, p. 43. 



PIGMENTS AND PAINTS i6i 

• 

be chosen from a class possessing relatively low refractive 
indices, z.^\wh;ting, Chin! day? etf;., due rega^rd being had 
to their colour. China <clay (see chapter on Pigments) is . 
largely used on' accoynt of its property of remaining sus- 
pended in a water medium over long ])eriods. It is obvious, 
however, that since «no change occurs on drying of the paint 
applied, the dried film will remain^ soluble in water, thus 
miti^ting against its permanency in damp situations, or 
permitting of its cleansing by w^ater when soiled. 

“ Washable waker paint,” or true distemper, belongs to 
a class of improved product on that described above. The 
name is self-explanatory in that these products afford 
surfaces which are sufficiently bound and w^ater-insoluble 
to permit of subjection to a mild washing treatment. The 
insolubility of the dried film is commonly obtained by 
.dependence on one of two principles. In the first, the 
binder consists of a “ solution ” of calcium caseinate, or a 
mixture of casein and slaked lime. Such preparations 
become insoluble on drying by reason of the transformation 
of the lime to carbonate, thus leaving the casein in its 
original (?) insoluble form. This latter class of product owes 
its popularity to the fact that it is capable of sale in a powder 
form, addition of water to the consistency desired being all 
that is necessary to render it ready for use. 

The principle of the formation of an insoluble condition 
of the dried film in the second class is somewhat ingenious, 
although it is probable that the inception of the product 
arose empirically without any regard to the main cause of 
the fimction involved. These, the most insoluble form of 
water paint, consist of suspentions of pigments in an aqueous 
emulsion of glue or alkaline casein solutions with drying 
oils. The oils are usually present in such proportions 
as to be entirely kept in permanent suspension and not 
visfbly present in the dried coating. Qn exposure, the 
dim first dries* by evaporation of its water, a secondary 
reaction of oxidation of the drying oil with evolution of 
v^olatile products causing, insolubility of the protein material 
glue or casein) to take place, and usually completing itself 
s. * 
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in 3-4 weeks. It is probable that an aldehyde; e.g. formalde- 
hyde, is the ^gent involved' whicn causes snch Insolubility. 
The dried coating becomes then insoluble by reason of both 
the protecting influence of the water-insoluble solid drying 
oil and the insoluble form of protein. The presence of 
drying oil with a refractive index a4:>proaching that of 
whiting and China clay, however, necessitates their complete 
or partial substitution by those pigments which are 'com- 
monly used in oil paints (zinc oxide, lithopone, etc.) . 

Other forms of washable water paints containing emulsi- 
fying agents are on the market, c.g. sulphonated oils, etc., 
but their description lies outside the scope of this work. 

Tittle need be said as to the manufacture of water 
paints. Since the purpose for which they are intended is 
usually that of the covering of a surface not specially pre- 
pared (plaster, brick, etc.), the importance of fineness of 
grinding is not great, apart from the fact that defects in 
surface are far less apparent in fiat- drying than glossy 
paints. “ Dry distempers,’' i.e. those sold in powder form, 
are prepared by mechanically mixing and sifting simultane- 
ously through a rotating horizontal sieve. Other distempers 
are usually sold in paste form and require thinning with 
water only to bring them to the required consistency. The 
pigments are then usually incorporated with the media by 
grinding under an edge runner (see Fig. 17). 

It is to be noted that on account of the liability to 
decomposition which aqueous preparations of glue, casein, 
etc., are subject, an antiseptic such as phenol, borax, etc., 
is added to the paste distemper. 



Section TL —LINOLEUM, FLOORCLOTH, AND 
^•CORK CARPET 

Linoleum, together with its sister product, floorcloth, 
differs from paints and varnishes in its function of 
serving primarily as, a mechanical insulator and decora- 
tive coating and not,* strictly si)eaking, as a protective 
• agent against decay and corrosion. Its employment has 
of recent years assumed gigantic proportions, and on account 
of its hygienic properties, it is largely superseding carpets, 
especially for public buildings, shops, etc. 

Linoleum was first manufactured a little over half a 
century ago by Frederick Walton at Staines, and it is curious 
to note that in spite of the manufacture of linoleum being 
now carried out in different factories all over the world, 
little, if any, change in the process of manufacture has been 
made since its first inception. 

The material is too familiar for a description to be given 
in these pages, but it may be as well to detail the various 
forms under which linoleum and its congeners are manu- 
factured. 

Linoleum consists of a t:9mposition of oxidized linseed 
oil, resins, pigment, wood or cork fibre, mounted on a canvas 
“ backing usually painted on the under side. It appears 
in ^ three forms: ‘‘plain," i.e. unicolour^d ; “inlaid," in 
which a many-coloured /‘ tile," floral, ‘or carpet pattern 
extends right through from the upper surface to the canvas ; ' 
and “ printed," in which a superimposed painted design has 
been impressed on a -plain linoleum. All the varieties 
agree in that .the body of composition is of very definite 
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thickness, and can be detache(| as a whole ^from the 
canvas. • r ' '' 

Floorcloth is merely canvas, such as is used fgr backing 
linoleum, with a varying number of eoats of coarse paint 
applied to both sides, the number of applications of psint 
usually (in the heavier grades) predominating on the face or 
wearing side. The final face coat invariably bears a printed 
design. 

Cork Carpet is somewhat similar to linoleum in appear- 
ance, difering, however, in being far mo'r'fe spongy to the 
tread and usually rough in surface. It is rarely printed on, 
or when such is the case, a light design is applied leaving the 
bulk of the groundwork visible. A further difference in 
cork carpet is the fact that because wood fibre has an inferior 
resiliency to cork dust the latter is always used, and the 
employment of coarse cork ensures such resiliency to a great 
degree. 


Linoueum 

As stated above, this product consists of a composition 
of oxidized linseed oil, resins, cork or wood fibre, and pig- 
ment. Linoleum owes its various properties to its several 
constituents as follows : — 

The binding medium consists of oxidized linseed oil, 
rosin, and kauri gum. The way in which each of these 
function and their method of preparation will be described 
later. 

The resiliency, and the sound- and heat-insulating 
properties are due to the corL dust and wood flour, the 
former being considerably the better for the purpose, but on 
account of its dark colour it is unsuitable for the lighter 
shades of inlaid linoleum in any but small proportions with- 
out the employment of such a large proportion of “ colour- 
killing '' pigment (white) as would diminish its resiliency 
to too great a degree. 

The colour is yielded by the pigment. Cork, when com- 
pounded with the binding medium, gives a brown colour. 
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.The '‘nature-coloured,’' or brown, linoleums are. the most 
lightly pigmented and consequently posses^ the greatest 
resiliency.^ As resilienc*^^ goes hand in hand with specific 
gravity, those pign^nts of large volume or low specific 
gravity are chosen whichevef process is employed, the 
mineral filler or efteapener selected being common whiting 
to the exclusion of barytes. 

l^efore describing in detail the preparation and employ- 
ment of the several constituents entering into the composi- 
tion of linoleum,^ ft: will be as w^ell to give a brief note of the 
sequence of manufacture. On looking at a piece of linoleum, 
it is evident that the several ingredients have been incor- 
porated during the course of manufacture in a state of greater ' 
plasticity than they appear in the finished article. In 
practice the binding fiiedium is employed in such a state 
of plasticity that whilst sufficiently solid to maintain 
temporarily the form given to the intermediate or “ green ” 
stage of the product, its adhesion is sufficiently great to 
ensure the " matured " or finished product being coherent. 
Relatively little increase in solidity from the miniatured to 
the finished product is required in linoleum, whilst in floor- 
cloth, which is practically a paint, the article is manufactured 
in the state of a liquid suspension, becoming transformed 
when mature to a hard solid similar to a paint film of little 
resiliency. 

The Binding Medium.— Broadly speaking, two methods 
are in use for obtaining what is the main basis of the binding 
medium, viz. solid oxidized linseed oil. The first and oldest 
(“ scrim ” process) consists in subjecting a film of siccatized 
linseed oil on a cotton fabftg to atmospheric oxidation, the 
solid oxidized surfaces being successively enfployed as 
undercoats for succeeding coats until a thickness of an inch 
or more is obtained. This oxidation is* carried out in “ oxi- 
dizing sheds,” large buildings capable* of accommodating 
2000 or 30cfb cotton fabrics, 2o ft. by 3 ft. in area,* 
suspended vertically and “flooded” with oil by means 
of an overhead traveling trough. The surplus oil drains 
into gutters, at the base of the building and circulates 
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for further flooding to the overhead trough by means 
of a rotary pijmp (Fig. 2'2).' thorough flcodii^ is given 
every twelve or twenty-four hours ♦according to the drying 
activity of the oil and is continued unt,;! sufTicient thicjcness 
of film is considered to have been obtained. The tempera- 
ture in the oxidizing shed is maintained a little above the 
atmospheric in order to accelerate drying. The further 
treatment of the solidified oil is the same, in this and' the 
newer shower-bath ” process to be described. 

The more effective “ shower-bath ” process for effecting 
solidification proceeds, on account of mechanical expediency, 



A, Scrims in rack. B, Flooding troughs. C, Distributing trough. 

D, Oil pipe. F, Pump. F, Gutter. G. Oil well. 

in two stages, the former giving the name to the process. 
The “ shower-bath," as its name implies, consists of a large 
rectangular box-like chamber, an open-topped perforated- 
bottomed taaik serving as a roof. The bottom part of the 
box serves* as a receptacle for the oil, lo tons being the usual 
quantity treated at a time (Fig. 23). The oil, containing 
an insoluble drier in .suspension (usually manganese borate), 
is run into the loweri part of the shower-bath, its temperature 
being raised to 90° F. or thereabouts by steam pipes lining 
the sides. It is then continuously pumped over the perfor- 
ated roof by means of a rotary pump, the oil thereby falling 
into the chamber underneath in a continual rain. A fan 
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serves to change the air in the body of the oxidizing chamber 
as ox}^gen becomes absorbed and volatile oxidation products 
are formed. The showt^-bath is kei)t in operation until . 
such time* (usifally 60-100 hours) as the oil becomes too 
thick to permit of efficient subdivision of the oil into 
streams. A graphical representation of the progress of 
oxidation in the shower-butli is shown in Fig. 24. The 
•contftiuation of th^ oxida- 
tion process is then pro- 
ceeded with in e another 
apparatus known as a 
‘ ‘ smacker. ’ ’ The smacker 
(Fig. 25) consists of a 
horizontal jacketed drum 
fitted internally wkh 
. rotatory radial arms, of a 
capacity of about four 
hundred gallons. The 
thick oil is run into the 
smacker, the stirring gear 
started, steam passed into 
the jacket until the tem- 
perature of the oil reaches 
120° F'., and common 
whiting added to the 
charge to an amount of 5 
or 6 per cent, of the oil. 

A device for circulating 
fresh air into the smacker 
is fitted to the body. 

Once started, oxidation in 
the smacker proceeds so rapidly that steam is shut off 
from the jacket and cold water passes in, in order that the 
temperature may not reach above I20°,F. Test cocks at 
the bottom ofkhe smacker allow of samples being withdrawn^ 
at intervals. In about 20-40 hours the oil attains such a 
degree of oxidation th^t on cooling it will solidify to a pale 
yellow, rancid-smelling solid of about the consistency of 



A and C, Oil tanks. 

B, Oxidizing zone 
]), Oil suction pipe. 

I'l, Fresh air pipe. 

F, Outlet tor gas. 

G, Oil circulating pump. 
1 1, Oil cooler. * 
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common strong size. The " smacked oil also possesses a 
slightly honeycombed stmctlre and is almost devoM of greasi- 
ness. The honeycombed structure if. then developed and the 
last traces of greasiness removed by warming lo about i6o° F. 
in steam- heaLecl ovens fora few days. Ihe effect of, the 
whiting is not very clearh' understood, bit it is possible that 
it serves the twofold purpose of" forming a calcium soap of 
the lower fatty acids formed by oxidafion and thereby* 



diminishing the tendency to undue development of heat by 
reason of the inhibiting effect of such soap, and also neutral- 
izing the fatty acids formed which would otherwise cause the 
finished oil to be toe greasy. This neutralization would also 
f/esult in the evolution of carbonic acid, thereby causing the 
honeycombed structure in the smacked oil. From this 
point onward in linoleum manufacture, the “ scrim " and 
the Walton “ shower-bath " processes are identical. 
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Neither “ i^crim oil" nor “smacked oil" at this stage 
possesses tl^ necessary ph3^si^al prof)erties to permit of their 
being used^ as a bindii^ medium. They both possess a 
certain degree o*f elasj.icity, but lack that adhesive quality 
or binding power necessary Id hold together the other 
ingredients used, vfe. cork dust, wood flour, and pigment. 
To form a medium for amalgamation of these materials it 
is necessary to obtain a product of properties very similar 
to uiivulcanized rubber in its warm “ tacky " stage. To this 
end the oxidized cx:> requires lobe converted into “ cement." 


cementing " process we must 








Fig. 


To understand the “ 
first of all refer to certain 
properties of the oxidized 
oil. . If a piece of eij:.her 
scrim or smacked oil be 
cautiously heated to a tem- 
perature of 150° C., the 
solid oil will melt to a 
thick buttery liquid with 
evolution of considerable 
pungent acrid - smelling 
fumes. On maintaining 
the temperature, the evolu- 
tion of gas will cause the 
melt to rise, the pale yellow 
colour to deepen to dark 
brown, and finally the melt- 
ing-point is raised to such a point that, as effervescence dimin- 
ishes, the mass will be converted into a tough dark-brown 
elastic solid- of very similar •p^roperties to raw iildiarubber. 
In this latter stage the oil is in its optimum condition to 
serve as a binder for the other ingredients. The addition 
of otl^er substances during the cementing ^^(Kicess is, however, 
carried out in practice.* • 

The cementing process is carried out as follows. The 
cement pan (Fig. 26) consists of a steam-jacketed cast-iron 

* For the mechanism of tfie cementing process and the effect of added 
substances see A. ^e Waele, Jour. Ind and Eng. Chem., 1917, 


25. — Walton "Smacker.” 

A, Beaters, 
li, Water jacket. 

C, Air inlet fan. 

D, All outlet pipe. 

F, Oil charge valve. 

F, Oil discharge valve. 
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pan with a capacity of 200-400 gallons, fitted with either a 
vertical or h(^rizontal stiVridg g^ai. and a sluice ^falve at the 
bottom. At the top of the pan is ran opening about twelve 
inches in diameter. In the case of th^ shower-bath process, 
the smacked oil is added 'in large pieces weighing about 
fourteen pounds each, wliilsl in the 'Scrim process it is 
considered advantageous to grifid the “skins” to a meal 
through steel rolls in order to disintegrate the contained 
cotton fabric. Steam is passed into the jacket, the stirrers 
slowly started, and when incipient fusi^a of the oil takes 
place, about 12 per cent, (of the weight of oil) of common 
rosin in the molten condition 
is added to the oil, followed by 
a similar a;iiounl of kauri .gum 
dust. Tilt changes detailed above 
take place as reaction proceeds,, 
and excessive rising is checked by 
increasing the speed of the 
stirrers. As “ bodying-up,” 

j I [| II increase of melting-point, takes 

_J--£F place, the workman in charge of 
the process judges the point at 
which to discharge the contents 
of the pan and thereby arrest re- 
action. Towards the end of the pro- 
cess, reaction proceeds very rapidly 
and some considerable experience 
on the part of the charge hand is needed, as both under- and 
over-cementing are equally fatal to the production of a 
successful 'cement. A prompt arrest of the .reaction is 
facilitated by either tipping the contents of the cement pan 
on to the apex of a mound on a concrete floor or preferably 
by discharging th^ contents ii|to a hopper leading to water- 
cooled rolls and thence into separate trays where cooling 
takes place comparatively rapidly. 

The preparation of the sheet consists subsequently -in 
mechanical treatments, the variations of which are adapted 
to the several varieties or patterns required. “ Plain ” 



Fig. 26. — Diagrammatic Re- 
presentation of a Cement 
Pan. 

A, Charging hole. 

B, Discharging valve. 

C, Steam jacket. 
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liijoleuni is the variety which demands the simplest treat- 
ment and ii^deed represent^ in it^ iifode of manufacture the 
preliminary stage in the iiianufacture of all the varieties. 

The amalganlation^ of the cement, cork dust (with or 
withaut wood flour), pigments, aifd filler (whiting), is carried 
out in steam-heated tnixers, the final formation of the sheet 
being obtained by passing th^ well-mixed compound through 
^ pail* of rollers slgwly revolving at different speeds. The 
thickness of the sheets obtained is determined by adjusting 
the set or dista^tice apart of the rollers. The rolled sheet 
is detached from the rollers by a ‘‘ doctor ” or scraper. One 
roll is internally steam-heated whilst the other is water- 
cooled, this arrangement resulting in a polished face to the 
linoleum being obtained and facilitating its easy detach- 
ment by the ‘‘doctor.” 'In the case of plain linoleum, the 
linoleum mass ” is fed between the rolls with the jute 
or canvas support, so that the material leaves the rolls on 
this support. 

^he remaining treatment of the “ cloth ” is the same 
whichever variety is manufactured. The canvas backing on 
the “ green ” or unmatured cloth is next coated with a layer 
of a cheap yellow ochre or red oxide paint backing. The cloth 
travels canvas side upwards over rollers, and in a nearly 
horizontal position receives in its passage a pool of paint, 
which is spread as evenly as possible by a trowel, the excess 
being removed as it leaves the backing machine by means 
of a hot roller or “ doctor.” The composition of the paint is 
such that it requires melting in a steam-heated pan for use 
and solidifies to a solid non-tacky coating on cooling on the 
canvas. 

The final process consists in maturing the " gree» cloth ” 
in large buildings internally heated by steam pipes to a 
temperature of i40°-i6o° F. until deemed W be of sufficient 
harSness to withstand wearing, after which the rough 
edges are trimmed off so that the clo^h is of standard 
width. 

In printed linoleum .the “ green cloth ” is painted on 
its face by either machine or hand. In either case the paint 
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is applied by means of a wooden block tocfthe^ in parallel 
ribs about ^urteen to 1:be inqh, its outline' being cut to the 
shape desired. The paint is picked up from a p^d and trans- 
ferred to the linoleum by pressure, the properties of the paint 
being such that a ])erfect surface results with the obliteration 
of rib marks without undue flowing occurring after the cloth 
has left the printer, and is hung up for maturing in a vertical 
position. In hand printing, it is the practice to ‘‘apply 
successively the different colours forming the pattern in the 
portion of the cloth under printing treatlhent. 

There are several varieties of inlaid linoleum made, 
the oldest consisting in building up the multi-coloured pattern 
from “ green linoleum in a condition of meal or granules. 
A grid, cast to a pattern corresponding to the design required, 
is laid on a table in a horizontal position, successive stencil 
plates having openings corresponding to sections in the grid 
being placed on top, and “ meal '' of a particular colour 
chosen to fill such sections is dusted in. In a red, white, and 
blue pattern, three stencil plates would be required. .The 
arrangement of the pattern being conducted on a sheet of 
strong greased paper, the stencil is removed, the grid care- 
fully lifted so as not to disturb the loose “ meal,'' and the 
paper support with its layer of meal pulled along under a 
hydraulic press, the upper surface receiving a section of the 
rmi of canvas destined for its final support (Figs. 27 and 28). 
It will thus be seen that this linoleum is built up from the 
back. After pressing, the linoleum is ready to receiye its 
backing, after which the maturing is carried out in the same 
way as in the case of i)rinted linoleum. 

Inlaid" linoleum of “ carol t,” or ragged-edged pattern, 
is carried out in a very similar manner, the pleasing ragged 
outline of the colour units being obtained by dispensing with 
the grid and the building up being carried out from the face 
instead of from the back. 

The newer Walton inlaids," characterized by the sharp 
clearness of outline and greater cohesion of the finished 
product, can only be manufactured from oil made by the 
shower-bath process, owing to the greater cohesion required 
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in .the intermediate stages of manufacture. In this system 



Fig. 27 — “ Granular ” Inlayinj; Proccbs. 

A, Showing position of stencil (2 colour) on grid. 

1st operation showing inlaying of colour No. i (section through a, b). 

C, and operation .showing inlaying of colour No 2 

D, Inlaying ojieration finished, stencil and grid removed , canvas 

laid , ready for press 



Fig. 28. — “ Granular” Inlaying Process Arrangement of inlaying table 
with press. , , 

• A, Roller carrying canvas ^ 

B, Feed and collecting rolls for evaxed paper. 

C, Roller carrying finished linoleum ' 

D, Space for inlaying operation. 

of manufacture, sheets of the different colours required are 
manufactured ^without the canvas support. The sheets 
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are then led over rolls fitted with a knife-ed|ed^ grid, which 
serves to subdivide the sheet, into pieces Corresponding in 
outline to the pattern desired solo patter^ "), or into 
smaller units, the subsequent reassemblage of whidi into 
local areas similarly serves to build up the desired pattern 
(“universal type”). The selection of particular units or 
assembled units for tlie pattern and rejection of undesired 
parts is accomplished by means of pistons forming the* base^ 
of the knife-edged grids, the pattern being so built up that 
the units or areas required only are fetained within the 
hollows of the grids, the undesired units being pushed out 
by actuation of the spring-cariydiig piston (Fig. 29). After 
rejection of undesircd units, the grid-carr>nng roller contain- 
ing the desired imits of sheet requirecj, is pressed into ccntact 
with a large cylinder carrying shoh pins on its periphery, 
on to which the units forming that particular part of the 
pattern corresponding to the colour of the sheet under treat- 
ment are transferred. The pinned roller, however, carries 
also the canvas for the final support of the linoleum, so that 
after pressing the pinned roller carrying its canvas and ad- 
hering units into contact with a pressure roller, the finished 
linoleum merely requires a final facing before maturing. It 
is obvious that the number of colours forming the pattern 
will be limited by the number of differently coloured sheets 
simultaneously under treatment. A diagrammatic repre- 
sentation of the machine shown in the figure will make the 
process clear. 

Cork Carpet— The peculiar resiliency of this product 
necessitates the employment of a binding medium of greater 
elasticity than that used in, linoleum. To this end, oil is 
prepared: in a solidified condition ready to serve as a binding 
medium without conversion into cement, the use of solidi- 
fied oil without’ nesins serving further to ensure greater 
elasticity and resiliency. 

The process employed for the solidification of the oil 
is that known as the Taylor-Parnacott or “ Corticine ” 
process. The plant consists of an installation of six iron 
pots set in a row in a brick furnace. One of the pots has a 
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capacity of tons, whilst the other five are of half a ton 
capacity each. ' The pots fire h^ate’d from furnaces on the 
outside of the building in order to minimize fire risk. The 



Fig. 29. — Conventional Representation of Walton Machine Inlaying 
2 -colour pattern. 

A, “Cutting Roller." 

B, Roller carrying knife-edged grid, 

C; “ Pattern ’’ roller. 

D, Pinned roller. 

E, Uncut sheet of No. i colour. 

F, Cutting operation. 

G, Cut sheet of No. i colour. * 

H, Knife-edged grid outlined to pattern. 

J, Tappet on pattern roller operating discharge of K, Rejected units. 

L, Operation of arrangement of units of No. i colour on pinned roller 
carrying selected units of No. 2 colour, ^ 

J^l.^^'inished sheet ready for facing. 

fire grates consist of flat trucks mounted on wheels and 
running on a short tramway, whereby temperature may be 
quickly reduced by withdrawing the grate on its rails away 
from the flue inlet. 
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A cl;arge of 2^ tons of (preferably) Baltic«o*il is run into 
the larger pot, the ten\pefature* raised to» about 220° C., 
and driers, in the proportion of about i per cent, each of 
litharge and lead acetate, added. The function of the latter 
drier is probably to rediss'olvc any metallic lead resulting 
from the reduction of the litharge. As soon as the driers are 
dissolved, a long iron pipe reaching to the bottom of the 
pot is fitted, and a vigorous current of air passed into ths 
oil by means of an air-pump. The fire is then withdrawn, 
and blowing is continued for several hou/s. When moder- 
ately cool, the contents of the pot are pumped out and 
divided equally among the five half-ton *pots. The oil 
in these is then raised to about 250° C. and maintained 
thereat. After six or seven hours’ heating, when signs of 
incipient solidification show themselves, the oil is well 
stirred and the fire withdrawn. Complete solidification 
then takes place somewhat rapidly, and as it proceeds 
throughout the pot, disengagement of gas within the mass 
results in the contents of the pot rising to such a point that a 
series of short cylindrical rings have to be placed round the 
upper edge of the pot to retain the contents as they rise. 
Rising to a loaf-like head then ensues and continues several 
hours, after which a slight contraction occurs. When 
sufficiently cool, the solid oil is cut away from the sides with 
a large hay-knife, the centre cut across, and a jet of water 
run into the bottom of the pot to float out the contents. 
The solid oil then presents a honeycombed structure in the 
centre, whilst the bottom and sides are somewhat sticky. 

After thorough amalgamation of the sticky “ bottoms, 
dry “middles,” and “ tops through mixing rollers, the 
oil is then ready for direct use as a cement without any 
further treatment. 

The further mechanical treatment is the same as for 
plain linoleum with the exception that a coarser cork is tfsed 
and that, owing to the lesser binding powee of the Taylor 
oil, proportionately less cork can be amalgamated. Cert.ain 
varieties of cork carpet are, after ijiaturing, passed under a 
sandpapering machine to “ buff ” the face of the cloth. It 
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is usual as a trade custom not to apply a painted backing to 
the canvas of cojk carpet. 

Floorcloth. — lyittle de^scription is needed of this product , . 
the use of which* is rapidly dying out owing to the vastly 
superior properties of linoleum.* The installation for the 
manufacture of hooroioth consists, in the case of the machine- 
made article, of a pair of calendar rollers similar to a backing 
machine, where canvas is coated both back and front with 
a coarse paint composed of linseed oil, linseed oil foots, 
varnish foots and .residues, whiting, China clay, and earth 
oxides, the. mass being reduced to a working consistency 
with white spirit, kerosene, or even water in certain cases. 
The once-coated canvas is then hung, up in drying rooms to 
hardep, after which the coating treatment is repeated until 
sufficient thickness is obtained. The final treatment con- 
sists in the application of a printed design to the face. 

In hand-made floorcloth the paint is applied to the canvas 
held in wooden frames in a vertical position by means of 
trowels, the treatment being precisely the same as in the 
machine-made article. Hand-made floorcloth possesses the 
advantage over the machine-made article in its being 
capable of being made in much greater widths, six feet or 
two metres being the usual limit for all varieties of machine- 
made covering, whilst eight-yard hand-made floorcloth is 
commonly made. 

Floorcloth possesses neither the wearing properties, 
resiliency, nor the heat- and sound-proof qualities of linoleum. 

For further information on the history and manufacture 
of linoleum the following papers may be consulted . — 

W. F. Reid, ‘‘Manufacture of Finoleum,’' J/S. C. /., 
1896, / j , 75. 

H. Ingle, “The Examination of Linoleum and the Com- 
position of Cork,” J. S. C. L, 1904, 2j, 11^7. 

M. W. Jones, “History and Manufacture of Floorcloth 
and Linoleum,” •J. S. C. /., 1919, j 8 , 26. • 
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Part V.— VARNISHES 


A VARNISH may be defined as a liquid which dries by exposure 
to the air to a more or less hard, transparent film, giving 
protective action or decorative effect to the surface on which 
it is applied. There are certain exceptions to the trans- 
parency’ of varnishes, notably those known as black Japans, 
their transparency being only apparent in exceedingly 
thin layers. Varnishes may be broadly classified into three 
varieties : (i) those which consist of a medium similar to 
that of paints, i.c. linseed or other drying oils and thinner, the 
hardness of which may or may not be increased hy the 
addition of certain other substances miscible with or soluble 
in the drying oil (rosin, gum-resins, etc.) ; (2) those which 
consist of a solution of a resin in a volatile solvent ; (3) those 
consisting of a natural product of a tree, drying by enzyme 
action, i.c. Chinese, Japanese, and Burmese lacquers. 



Sectj(W L-OIL VARNJSHES 

These represent most important of the three classes 
referred to. For general purposes, oil varnishes may be 
said to consist* of four constituents, dr3dng oil, resin, a 
volatile solvent, and an accelerator oL oxidation of the drying 
oil. ^hese products therefore dry " to a hard him by 
a combination of evaportition of the volatile solvent and an 
oxidation of the drying oil in its semi-liquid combination 
nnth resin. The application of a film or coat of varnish to a 
surface is usually done with a view to affording protection 
to ^he surface against atmospheric destruction, wear and 
tear, etc., there being exceptions, however, when the main 
object aimed at is to confer decorative effect by giving gloss 
and enhancing the beauty of the grain of wood. For either 
purpose, however, certain of the constituents of oil varnish 
have the same effect. As stated in an earlier chapter, lin- 
seed oil dries to a tough elastic fdm when subjected to natural 
atmospheric oxidation. The oxidation product, linoxyn,” 
confers the elasticity to the fdm, but neither its hardness, 
gloss, nor impermeability is sufficient for efficient protective 
i^ction or the decorative effect desired. The resin (the term 
embracing both recent " aijd/‘ fossil ” resins) on* the other 
hand is a body devoid for all practical purposes of elasticity, 
but of a very hard nature, veiy^ resistant to atmospheric 
effect ^and therefore stable, of high refraR:tive index and 
hence conferring gloss. Although the mixture or combina- 
tion of oil and •gum in a varnish has dot the same high 
viscosity as it has after drying or oxidation, the unoxidized 
liquid is yet of such a. viscous nature that it would be 
impossible of application without the addition of a diluent* 

179 
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This intrqiiuces the questipn of^the volatile* solvent. The 
solvents usually employed are^tirrpentine o^ “ white s^hit/' 
the latter representing a fraction of peiroletun distillate 
having a flash-point, mobility, and rate of evaporation 
nidfe or less approaching that of turpentine. Other 
diluents are used, as turpentine suosiilutes, e.g. shale 
naphtha, shale spirit, petrol, coal-tar naphtha, etc., but on 
account of unpleasant smell, low flash-p6int or other objec- 
tionable features, they flnd only a limited application for 
special purposes. The question of tu^ employment of 
genuine turpentine, or its most popular substitute “ white 
spirit,’' has occupied the attention of varnish technologists 
to a considerable degree in recent years, but without entering 
into any controversy on the subject, it may be stated 
that there is little doubt but that genuine turpentine is the 
best solvent to employ.* Such assertion is based on the 
facts of the smaller range of distillation of turpentine (the 
petroleum distillates being at the best but mixtures of 
hydrocarbons of near boiling-points), its sweeter odour, «and 
its property of absorbing oxygen and thus acting as an 
oxidation catalyst to a very limited degree. The most 
important factor, however, is the superior solvent power of 
turpentine over petroleum spirit, f 

The remaining constituent of oil varnishes is the drier 
or accelerator of oxidation. The mechanism of their action 
has been referred to in an earlier chapter, but it may be 
stated here, that of the metals known to possess catalytic 
action in accelerating oxidation, only the compounds of 
l ead,. mangane se, and, of later years, cobalt, have found uni- 
versal use.J These driers are introJi^ed into the oil-gum 
combination either in the insoluble condition as oxides, 
carbonates, etc., or as metallic salts of a fatty or resin acid. 

In the former ca^e, the high temperature necessary ior.the 

( 

* See Part IIP, Turpentine Substitutes. 

t Coal-tar naphtha, known as “ solvent naphtha ” in the trade, l;ia3 a 
lather greater solvent powdr for the usual constituents of a varnish than 
turpentine, but its noxious odour and toxicity are responsible for its general 
inappreciation as a turpentine substitute. 

i See Part 11. on Theories of Driers. 
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sajponification of the oil results in more or less darkening of 
the finished product, so tfiat t^e_A£tallic linole.a.te3 ” or 
“ rosiriates find favour r^as 5 n~oFtheir solubility at low 
temperatures. 

Fj-om the foregoing it will be fathered that for all practical 
purposes the main constituents of oil varnish are the oil 
and the resin. The simplest type of varnish would therefore 
consii^ of a solutictfi of common rosin in linseed oil with the 
addition of a suitable drier and reduction to a working 
Consistency witli** turpentine. Such preparation would ' 
indeed constitute a “ varnish and, it is regrettable to state, 
has in the pa^t found a certain sale with unscrupulous 
dealers. A consideration of the nature of the non-volatile 
portipn of such preparation, however, will show the poor 
properties and results • to be expected from its use in 
practice. 

In the first place the mere fact of the ease of solution 
of rosin in linseed oil is such that amalgamation of the two 
wil^ take place practically at normal temperatures, so that 
the linseed oil, having received no heat treatment likely 
to polymerize its glycerides to compounds stable to atmo- 
spheric oxidation, will on progressive oxidation show all 
the disadvantages of instability earlier referred to. In addi- 
tion to this, it may be pointed out that since polymerization 
of linseed oil is attended by an increase in its refractive 
index, the gloss resulting from or conferred by the oil con- 
stituent in the varnish will be a minimum. The other 
constituent — rosin—possesses certain properties (Part III., 
p. 96) which render it quite unfitted for use as the resinous 
constituent of a varnish. lit the first place, it is'deeidedly 
unstable to atmospheric effect, being reactive to oxidation, 
especially in a thin film, and its oxidation causes a loss in both 
weigl^t and volume, which latter effect results in a shrinking 
of *surface apparent as cracking of the film. It is stated, 
moreover,’*" to ‘yield water-soluble products of oxidation. * 

The low melting-point, low refractive index, lack of toughness 

• 

* Paul, Chem. Rev. Fett und Harz Ind., 1914, 2r, 5-8, 36-39, 53-56, 
78-8Q. 
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and hardness, are further properties contfibuting to its 
general undesirability as a constituent of vacnish. 

In a general consideration offthe product, ^which long 
experience has shown to be composed of those ingredients 
which go to make a satisiactory varnish, viz. linseed oil, 
and suitably treated fossil ^uni, it c^n be seen how the 
necessary properties of. the fmis'hed varnish are contributed 
by the ingredients. A preliminary word, however, ii her6 
necessary on the subject of the gum-resin or fossil gum. On 
examining a specimen of a fossil ^m sucli^as African Anime, 
Congi]L-C<^>al, or Am ber, its apparent suitability as a con- 
stituent of vafmsli is at once evident in so far as its brilliance 
and hardness are concefl-ned. Thus it would seem that the 
ideal varnish might be obtained were^ the hardness and lack 
of elasticity of one of these fossil* resins tempered b)’ the 
influence of linseed oil linoxyii. Unfortunately there is no 
means whereby such a blending of the properties of these two 
products can be obtained, as the fossil gums appear to be 
quite insoluble in or immiscible with linseed oil,* To the high 
degree of polymerization of the fossil resin is usually attributed 
its insolubility. However, a solubilizing or depolymeriza- 
tion of the gum, resulting in complete solubility in oil under 
suitable conditions, is obtainable by a process of partial 
destructive distillation, known among varnish makers as 
‘‘ running.” In this treatment, the solubilizing is attended 
with partial decomposition of the acids to yield anhydrides 
or resenes. The solubilized, fused or “ run ” gum is, how- 
ever, not recognizable with its original condition, a consider- 
able darkening in colour and some loss of hardness having 
occurred during the running j)tocess. The “run ” product, 
however; will have become by the treatment soluble in lin- 
seed oil, whilst the hardness and high gloss conferred on the 
gum and oil combination will under ordinary conditions of 
practice bear a dilect relationship to those properties exW- 
ing in the natural product. ' 

To understand the condition in which the several con- 
stituents exist, a brief account of th^ process of manufacture 

* Kauri gum is an exception. , 
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wijl be necessary. A description of the preparation of 
varnish on a laboratory scflle^ will serve as an introduction 
to the large-scale process.^ * 

The first pail: of the jprocess consists in the fusion or 
running Small pieces of gufn, c.g. Congo, 
brokerTmto pieces tSe size of peas are sifted free from dust 
and introduced into a 250 c.c* (tall shape) silica beaker. The 
gum should not fill jnore than one-quarter the capacity of the 
beaker on account of the great amount of frothing which 
occurs. The beak^ is suitably supported and heated over 
the free flame of a bunsen burner, care being taken that the 
flame does not plhy above the height of the gum in the beaker. 
The first effect of the heat will be, to sinter together the 
individual particles of the gum, the whole then forming a 
treacly mass, w^hilst large quantities of terpinoid vapours 
are evolved. As heating continues, fusion will extend to 
the rather badly-conducting particles of gum until the 
treacly mass will have become converted into a viscous 
liquid. Considerable quantities of gas are evolved, resulting 
in much frothing and rising of the contents of the beaker, 
whilst completely -fused gum in the liquid condition will 
begin to collect as a liquid darker than the unfused gum in 
the bottom of the beaker. The heat is so regulated and 
vigorous stirring continued that the maximum rapidity of 
complete fusion consistent with keeping the frothing under 
control is obtained. After the lapse of from thirty minutes 
to one hour, according to the nature of the gum, the contents 
of the beaker will have become completely fluid, and although 
^he temperature throughout the mass will be higher than at 
any previous stage in the o|ieration, the head of 'froth will 
have considerably diminished. At this point, th(i appear- 
ance of a sample drawn out on a glass rod and allowed to fall 
back Jin drops would indicate to a practicij '' gum runner ” 
th^ state of completedness of the fusion, as obviously large- 
scale practice dees not permit of inspection through the walls • 
of the metal vessel used. The^gum is then ready for the 
addition of the oil. It, is noteworthy to remark at this 
pornTthat the evolution of gases is responsible for a 
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loss of from 15-30 per cent, in weight on that of the gi^n 
taken, the degree of loss lieinjj directly proportional to the 
degree of fo^sihzation (age) and hardness of the gum. It 
is also interesting to note that there appears to be a con- 
stant figure for each class of gum as representing the mini- 
mum loss in weight \^hich' must oc^ur before complete 
solubility of the residue in oil is obtained. Indeed it has been 
proposed to check the progress of the operation by periodical!}? 
noting the weight of the contents of the pot during fusion. 
Too little loss results in partial or even complete insolubilit}^ 
in oil, whilst excessive loss results in loss of hardness and 
darkening of colour in the finished product. ’ 

The fused gum is, however, not soluble in oil with the 
same facility as is the case with many other products 
possessing the same range of solubility in differing concentra- 
tions ; thus, if it be desired in the case instanced to make a 
varnish consisting of equal weights of gum (unfused) and oil, 
the addition of the whole of the oil at one introduction with 
consequent lowering of the temperature would induce a 
chilling of the gum and its prompt precipitation. In practice, 
the oil is added in a warm condition, small portions being 
^ added until a test spotted on to glass shows a milky appear- 
j ance on cooling, indicating incomplete union of gum and oil. 
j The temperature is then raised until a test sample shows by 
its clearness on cooling that complete union of the two is 
! effected, when a further addition of oil is made and so on 
1 until the whole of the oil required has been introduced. 

The remainder of the treatment necessary to convert 
this resin and oil combination into a finished varnish is thf; 
addition cff a suitable volatile^ diluent to render^ the product 
easy of « application, and the acceleration of its drying 
pfoperties by introduction of a drier. The viscous resin- 
oil compound is removed from the source of heat and ajjowed 
to cool to a temperature in the neighbourhood of the boiling- 
‘ point of the solvent chosen, i,e. 160 ''-170'' 0. in the case of 
American turpentine. Addition of the thinner is then made, 
dare being taken that th6fdugli“"stirrmg during addition is 
maintained in order not to chill locally particles of the 
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product. Tli'c quantity necessary will vary and depends 
not only on tke viscosity (^esired for the finished product, 
but on the intrinsic degree of viscosity or coiffeistency of the 
varnish before addition of the thinner. 

I 

The acceleration of drying properties in the product 
is obtained, as already stated, by addition of a compound of 
one or more of those metals which are used to promote drying 
properties in oils, viz. lead, manganese, cobalt, etc. The 
introduction of the same into varnishes may be made by 
addition of an organic compound of the metal soluble in 
the finished varnish, ix. lead, manganese or cobalt line- 
leates,” rosinates, acetates, etc., to the product in the 
condition described above, ix. after addition of the thinner, 
or alternatively by causing union of the metallic base of the 
metal chosen with the gum and oil at an elevated temperature 




■f 




j l.._ 

Fig. 30. — Gum ]^ots. 


[e.g. 200°-"300° C.) before addition of the thinner. In the 
latter case the base combines partly with any free fatty acid 
or resin acid present and partly saponifies the neutral 
glyceride of the oil. 

. The manufacture of oil varnish on the large scale differs 
in no material respect from the laboratory-scale preparation 
described above. The fusion, or “ running ” of the gum, 
is carried 'Out in copper fti; aluminium vessels* of 30-100 
gallons capacity of various shapes (Fig. •30). The 
hearth on which the running is carried out usually consists 
of -a hole in the floor of the “ maki»g house," beneath 
which is a grate with a flue running underground con- 
structed in sdch a way that a very intense bright fire may be 
obtained and that the products of combustion are completely 
withdrawn from the interior of the making house. During the 
“ running ".process, the contents of the pot are stirred and 





i86 RUBBER, RESINS, PAINTS AND VARNISHED 

(• 

examined periodically by means of a- stirrer. ^ The making 
house itself consists of a ceij^eftt-floored chamber, well 
•illuminated and furnished with as^high a roof as possible 
in order to make contingency for afcidenlal ignition of 
the contents of the pot. The fumes given off during «the 
running process are led either lo a fan of chimney shaft, or 
alternately a removable, cover fitted with a delivery pipe 
leading to a fan and condenser installation i(Figs. 31 and''32). 

In practice, the operation of gum-running is usually 
carried out by two workmen — the “ guidirunner ” and his 
iis'sistant. A suitable quantity of gum — usually 112 lbs. in 



Fig. 31. — Gum Pot with Condenser Installation. 


modem practice— is weighed into a clean pot and the latter 
brought to the fire in the ‘‘ making house on a trolley or 
:mck (Fig. ^3), occasional stirring being resorted to during 
:he first or sintering stage of the fusion, but as lique- 
hction of that portion of the gum immediately in contact 
vith the bottom ^f the pot proceeds, close observation 
las to be made in order to guard against danger of a 
ludden rise of the contents of the pot. The? temperature 
>f the melt is regulated by bodily lifting the pot ofi 
hef fire-hole by means of the tmqk. As the gum ap- 
proaches complete fusion, more vigorous stirring is resorted 
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t« until finally the gum-runner, judges the “ run accom- 
plished. The Aielt is then iseady for ‘‘ oiling,” i.e. addition 
of oil. The requisite quantity of oil is added either by the 
assisliant cautiously pouring it in from a vessel known as a 
“ jack,” not unlike a water;ng-can with an old-fashioned 
kettle spout, or in more modern* practice, the previously 
wqrmed oil is pumped up to an overhead tank fitted with a 
* graduated gauge ^ass marked off in warm gallons, from which 
it is allowed to descend in a thin stream into the gum pot, 
the contents bemg meanwhile vigorously stirred. When 



Fig. 32. — Varnish Furnace In- Fig. 33. — Varnish Pot with Truck, 

stallation with Hood to remove 
fumes. 


thdrough amalgamation of gum and oil has taken place, the 
gum-oil mixture is ready for addition of the driers. 

The rules governing th^ addition of the driers to linseed 
oil apply equally in the case*of varnish, so that tjie varnish 
maker has at his disposal the choice of several metallic 
compounds in different forms of solubHit^, etc., in order to 
pto3.uce the effect he aims at in the fi^jished product. To 
recapitulate, fipwever, we may summarise the common metals 
used as driers in their various forms as follows : — 

Class I, driers. . . Lead, iron. 

Class JI. driers . . Manganese, cobalt. 
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Lead and manganese are usually -added iii the form of 
oxides, cobalt being added nior^ conveniently in the soluble 
• condition of rihinate, ‘‘ linoleate/’ etc. The use of iron as a 
drier is considerably restricted by the dark colour of its 
compounds, but when introdaced is usually added as umber 
(iron and manganese oxides) or Prussian 'olue. 

The distinguishing characteristic of lead when introduced 
into a varnish is its property of forming an insoluble fraction 
(lead stearate, palmitate and possibly oleate) which becomes 
apparent after cooling as a cloudiness wiuch subsequently 
^ttles out as a precipitate after a period of weeks to months. 
Rosinate of lead has less tendency to cause precipitation, and 
when this occurs, settlement of the foot " is usually fairly 
rapid, but the large proportion of lead rosinate necessar^^ by 
reason of its low concentration in lead militates against its 
more general use by reputable varnish makers. This applies . 
in general to all rosinates 

Manganese and cobalt have very similar properties in 
their effect on varnishes in so far that they have a tendency 
to cause surface dr^dng or skinning in place of a drying right 
through the thickness of the film. (See under '' Defects of 
Varnishes" at end of chapter.) Both these metals require 
a very small proportion to accelerate considerably drying 
of the varnish. The combination of lead-cobalt or lead- 
manganese is usually resorted to excepting where the pre- 
sence of the former is undesirable. The use of lead alone in a 
varnish is not common owing to its rather slow action in 
this form. 

In addition to the method of adding driers to the gum-, 
oil combination, yet another nvethod has found a certain 
amount of favour with some manufacturers. This consists 
in the addition of insoluble driers to the finished (thinned) 
varnish, solution being effected by long agitation in large 
drums. This method, known as “ drumming " or “ churn- 
ing," has the advantage of yielding considerably paler 
products, probably by reason of the sensitiveness of the 
metallic soap forming the drier to darkening at the somewhat 
elevated temperature of solution obtaining in the previously 
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described method. The agitation with contained ^ir in the 
drum to which the vai%isj.i is subjected also induces a 
certain ampunt of bleaching action. Drumifled ” varnishes 
havg also the* advantage of a lesser tendency to skin 
over when stored in bulk in ^ open tanks. ‘‘Drummed” 
varnishes, howevei* require considerably longer periods for 
clearing than varnishes in which the drier has been intro- 
duce at a high temperature. 

After introduction of the drier, the varnish pot is removed 
from the fire and' taken either to a cooling room or to the 
open air, where, after the contents have cooled to a temperS^ 
ture of i6o°-I 70° C., addition of the thinner is made. 
This operation requires little description, the turpentine or ' 
particular substitute chosen being added slowly with con- 
tinual agitation of tli^ contents of the pot. Addition at 
too low a temperature may -cause precipitation of the gum 
in certain cases, whilst addition at too high a temperature 
will obviously occasion losses owing to volatilization. 

• The varnish prepared as described will, however, not 
possess the necessary i)roperties wdiieh constitute what the 
skilled user w^ould refer to as a satisfactory product. In 
the first place, the varnish wall hold in suspension the 
debris of the gum-bark, mineral matter, etc., in addition 
to which a heavy cloudiness wall develop a few- hours after 
the varnish is quite cold. This latter turbidity originates from 
the same cause as that accruing from ordinary boiled linseed 
oil prepared with a lead drier, and is caused by the precipi- 
tation of insoluble lead soap of the saturated fatty acid con- 
stituent of the oil — c.g. stearic, palmitic, and myristic acids. 
On long-continued storage^ Jiowever, both the debris from 
the gum and the lead “ foot ” will settle out, leaving a clear 
supernatant layer of varnish. Simultaneously with the 
deposition of “ foots,” other and more obscure changes will 
occur, chief amongst which will be a slight bleaching of the 
varnish. Certain undefined physical changes — probably 
connected with alteration in the arrangement of the disperse 
phase in the colloidal solution — will also occur on “ ageirfg,” 
e.g. an improvement in the flow' under the brush. That 
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such change can be observed and collated wkfi changes of 
viscosity has been mentioned in a f^aper by Sj^aton, Probecli, 
.and Sawyer (J. Ind, and Eng. Chem., 1917, p, 35). It is 
certain, however, that the more reputable houses manu- 
facturing varnish do not put their product on the ma/ket 
until it has been matured«^by “'tanking " ^or a period of from 
six months to two years. 

In connection with the general properties of the finkh'ed . 
varnish, the influence of the particular volatile solvent 
employed for thinning should be coiibidered. At first 
fright, it might appear that little if any influence would accrue 
from this source, since the presence of such 'in the varnish 
* film is transitory. Consj.derable discussion as to the relative 
merits of turpentine and its more popular substitute “ white 
spirit ” has taken place of recent yoats in technical circles, 
but it would appear that such has been mainly concerned , 
with questions of odour and relative toxicity of the vapours * 
evolved from the substitute during drying. The question of 
odour and toxicity, indeed, has been largely responsible for 
the small popularity of the higher fractions of spirit distilled 
from coal-tar, eg. naphtha, “tar spirit,” etc. From a 
purely physical standpoint it must be stated in justice to 
white spirit that from a point of view of flash-point, rate of 
evaporation, range of distillation, etc., it compares very 
favourably with the considerably more expensive turpentine, 
but a point that seems to have escaped criticism is that of 
the considerably lower solvent power of the petroleum 
distillates. This point is of considerable importance when 
dealing with varnishes of the “ short-oil ” type, i.c. varnishes 
containing 'less than ten gallon^ of oil to the 112 lbs. of 
gum-resin. Such varnishes require considerably more skill 
in manipulation during thinning, as the relatively unstable 
combination of gujjvresin and oil renders the former very 
liable to precipitatk)n by careless addition of the inferifir 
{solvent. The lower solvent power of white spirit also has an 
adverse influence on the manipulation of the varnish under the 
brush, as evaporation proceeds on application, the result being 
a harshness of flow or “ pull due to partial precipitation. 



OIL VARNISHES 


191 

Varnishes from Tung Oil. — In view of the function 
which the oil (jonstituenWplays‘‘ as an ingredient in varnish, 
it is hot surprising that considerable atterjtion has been^ 
directed to thef replacement therein of linseed oil by China 
woqA oil. The greater facilit^^ with which a high degree 
of viscosity can be obtained b^ heat-treatment and the greater 
concentration of glyceride having an affinity for oxygen, are 
properties which, strongly indicate the suitability of China 
wood oil as a constituent of varnish. A further point which 
has not been touched upon is the nature of the film yielded 
by polymerized China wood oil on application. Wlh?f± 
that in the ccSe-of polymerized linseed oil never attains a 
degree of hardness befitting it for use alone as a protective ^ 
lay^r suitable to withstand a reasonable degree of abrasion, 
but requires the pre^i^iiice of hard gum- resins to mitigate 
against this softness, the oxidation product of polymerized 
China wood oil yields a film which compares very favourably 
with that of the linseed oil and gum-resin varnishes. In 
acMition to this it is stated to possess a lower degree of 
susceptibility to cracking at low temperatures. 

From a consideration of its behaviour during heat- 
treatment, however, the difficulty of arresting the thickening 
at any desired degree short of production of an insoluble 
phase, mitigates considerably against its use as sole con- 
stituent of a varnish. Similarly, its admixture with gum- 
resins is a matter of extreme difficulty in view of the high 
temperature at which it is necessary to effect such incorpora- 
tion, coagulation of the oil usually resulting. In view, 
however, of the remarks above as to the intrinsic hardness of 
the undiluted oxidized Chiga wood oil film, the necessity for 
the introduction of what is ordinarily understood as a hard 
resin is not so apparent, and advantage may be taken of 
the^lower temperature of incorporation, Remanded by a soft 
r^sin, both to enhance slightly the hardjiess of the oxidized 
ffim and facilitate the manipulation of the oil during heat 
treatment. It is necessary to remark at this stage that 
numerous processes h§ive been suggested claiming to per- 
mit of the thickening of China wood oil by heat without 
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production of gelatinization,* but, generally -speaking, the 
claims have not been substantiated, retardation of coagu- 
dation being ^llie most that these processes will effect, ^ 
whilst many depend for their effect on dilution of the 
tung oil with a diflicultly coagulable ' constituent, the pro- 
portion necessary for» wlieh deteriorates considerably the 
property of the film for which' pure tung oil is charac- 
teristic. In this connection it has been found thfe.t" a- 
relatively small addition of common rosin to tung oil 
permits of the desired degree of polymerization being 
T^btained without danger of coagulation when in the hands of 
a skilled operator. Several advantages are gained by such 
admixture; the undue japidity of '‘setting" (as distinct 
from the attainment of the maximum increase in wejght, 
q.v.) is diminished, and the liability which a varnish from pure 
tung oil show^s to exhibit wrinkles or “webbing" during, 
drying is overcome. 

Many variations in product are possible by employing 
different proportions of rosin and oil and differences^ of 
behaviour during drying may be obtained by varying the 
nature and proportion of drier, etc. It is a significant 
fact that in spite of the jirejudice which the consumer has 
hitherto had in regard to varnishes containing rosin as their 
sole resinous constituent, varnishes of this class were found 
by actual trial over long ])eriods to be the only ones satis- 
factory for the protection of “ doped " fabrics on aircraft, 
linseed oil and gum-resin varnishes proving quite unsuitable 
on considerations of jiermeability, non-adliesion to the glossy 
“ doped " surface and loss of elasticity for long periods under^ 
extreme conditions of temperature. Varnishes on a basis 
of tung oil and rosin have been in use for some time past in 
the United vStates, where their resistance to “ chalking " {q.v.) 
has formed the m(>m basis for their adoption as varnishes 
intended for sub- aqueous work. 

It may be remarked that the disadvantages attendant 
on the acidity conferred by rosin in regard to the use of 
these varnishes as “ mixing " varnisjies, i.e, those intended • 

* German Pats 219715U910; 211405/1908^ 
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for use with basic pigments, is overcome by substitution of 
tfie acid rosin by “ hardened rdsin ” (alkaline earth rosin- 
ates) or‘“ ester gum ” (glycerW rosin ester). « 

The Properties of tlie Varnish on Application. — In 
consiclering the uses to which .oil varnishes are put, their 
main field of applioation is tlfet of*th^ protection of wood- 
work. Besides their uses as protective coatings, they have 
also sm important hinction in the* beautifying and accentua- 
ting of the natural grain of the wood. This is accounted 
for by the penetra^tion of the surface cells of the wood by 
the varnish, thus producing optical continuity with" a* 
resultant exaggt ration of the darkness of the grain. 

From a utilitarian standpoint, however, varnish is applied 
for the purpose of affording a protective coating against the 
iestructive effects of atmosphere, moisture, and erosion 
generally. Thus, it needs to be chemically stable to atmo- 
spheric influence (oxidation), physically stable to changes of 
temperature (elastic), waterproof, and withal sufficiently 
iiard to resist wear. vSince it will be readily conceded that 
in view of the extreme tenuity of the average coat of varnish 
(about -]((, in.), more than one coating will be necessary 
to give the desired result, and further it will be apparent 
that one must consider the necessary properties which each 
coating must possess to fulfil its desired function. 

In the first place, a preliminary coating will be necessary 
to stop the capillarity of the surface cells of the wood and at 
the same time “ set " these cells to a hard rigid layer to 
obtain a 'solid foundation. vSuch effect would be obtained 
by the use of a varnish of fairly low viscosity to ensure 
penetration of the cells, hv^ having its gum and oil con- 
stituent of rather high viscosity in order that sucl^ penetra- 
tion, once secured, will not go on indefinitely, since a surface 
sealing of the cells is the only object agued at. Rapidity 
of tirying will also increase the latter effect. Such a result is 
obtained by thause of a varnish known “ goldsize.” This • 
product constitutes a varnish in which the gum and oil 
•combination has been brought to a viscosity approaching 
solidity, a liberal addition of volatile solvent then ensuring 
s. 13 
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a low viscosity in the finished product. T^ie nature ai^d 
amount of the driers added en^nr^ rapidity of drying. Such 
a varnish is of limited applicability, possessing as it does little 
gloss in its dried film owing to its extreme tenuity, low 
weather- resistance, and slight impermeability, but it fulfils 
the purposes for which it is designed. 

Having now formed a preliminary base or groundwork, 
the succeeding coats which go to form the protectiv'e film' 
proper need next to be considered. From an examination 
of the properties of the constituents of ail* oil varnish and of 
*the effect which it is desired to produce, it is evident that from 
a decorative standpoint it is desirable to obtain as high a 
finish (gloss) as possible and to that end the relatively high 
refractive index of gum-resins will serve in good stead. 
Thus, for the bodying-iip or under^toats, a varnish rich in 
gum-resin is desirable. The relative hardness of such “ short- 
oil varnishes furthermore is advantageous from the stand- 
point of its rapidity of drying and solidity. It is a recognized 
point from experience that tor the application of succeeding 
coats of varnish, the glossy coat from the preceding layer 
does not form a satisfactory “ key '' to the next, and it is 
the practice to prepare the varnished surface to form a 
‘‘ tooth " or “ bite by removing the excess of gloss. This 
is performed in practice by the operation of flatting,” 
which consists in either lightly sandpapering or rubbing 
down with a piece of hard felt, water, and pumice powder 
the thoroughly hard and dry surface. Such a prepared 
surface is to the eye practically devoid of gloss, and examined 
under a lens exhibits a serrated or toothed surface which ia 
eminently'suitable for the succeisful application of a succeed- 
ing coat.'' It is evident from this that for such purpose to 
be successfully accomplished in practice, a hard-drying, 
full-bodied varnislr, rich in gum-resin, is necessary. Such 
varnish constitute!^ an ” undercoating,” ” preparation,” or 
“ flatting ” vamishr The relative proportidh of gum-resin 
to oil to form such a varnish is, however, not fixed, several 
factors contributing to the hardness of the dried film, but 
it may be stated in general terms that the relative proportion 
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o{ gum-resin 'to oil m this ^ always decidedly higher 
than in the i^amish for ihe finishing coat. A further 
function oi the underco£*t is to act as an addftional cement ' 
or biuder of the surface cells of the wood. 

Having obtained a suffici^n^ body or thickness of var- 
nish, the finishing coating^ may be applied. In this also 
many factors have to be taken into- account. A coating is 
requued which shall have a maximum of gloss, be of sufficient 
hardness to withstand the ordinary usage to which the 
varnished article 4S to be subjected, and at the same time 
possess the requisite elasticity to withstand mechanical 
strain and changS'* of temperature, in addition to its being 
both weatherproof and waterproof.# On the latter points, 
it is evident that varnishes intended for exclusive inside use 
need not possess that ‘degree of elasticity, weather- and 
water-proofness that are required for outside varnishes. 

The question as to the hardness of the dried fdm is 
determined by the proportion and choice of gum-resin used 
in ks manufacture. It is evident that the softest of the 
resins, e.g, rosin, would not adequately fulfil such a condition. 
Elasticity is determined, as referred to previously, by the 
relative amount of oil present, so that to secure the optimum 
of these two functions, we should need to employ in our 
gum-oil combination the minimum of the hardest gum obtain- 
able. The question of impermeability to water and resist- 
ance to atmospheric effect (oxidation beyond the limit 
necessary to yield a satisfactory wearing film) is, however, a 
very intricate question, and it is in the obtaining of such 
results that constitute the art or skill of the varnish maker. 
The use of -China wood oil* has placed a valuable adjunct 
in obtaining impermeable varnishes in the varnish-maker’s 
hands. In connection with stability to atmospheric effect, 
it is -evident that for a given proportion <)f oil in any two 
varnishes, since the reaction of the drying or oxidation of a , 
drying oil differs in no way from other chemical reactions, 
the varnish which dries the more rapidly of the two 
will first succumb to destruction by atmospheric effeA. 
Since within certain limits, the drying can be accelerated by 
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increasing the proportion pi drier, ‘ it is advantageous to 
restrict the amount added to a ^nftiimum to secure a reason- 
able rate of dlying. 

When considering the purpose for which a parl^cular 
varnish is destined, it is irdportant to bear in mind tliese 
several contributing Effects obtainable from its constituents. 
As an example, it may be stated that a high degree of 
elasticity would not be required in a varnish destinM^for* 
sub- aqueous work, whilst a considerable degree of imper- 
mf,ability to water would be demanded. 

Defects of Varnished 

* 

It will be gathered that with such a complex and ^deli- 
cately constituted combination aa * copal varnish, great 
liability to defects after manufacture will be present unless, 
control under very strictly regulated conditions is present.*" 
Unfortunately, the exigencies of the manufacturing process 
and our present-day lack of knowledge of the inner mechan- 
ism of the reactions involved are such that occasional defects 
in varnishes present themselves. In addition it is necessary 
to state that many of the so-called defects of varnish during 
use may be traced to its application under faulty conditions. 

(fl) Cracking of the Film, Flaking, etc.— It may 
happen that some time after application, the previously 
elastic film of varnish may progressively harden and lose its 
elasticity to a point at which with variation in temperature 
of the surrounding atmosphere, development of cracks 
takes place. As indicated earlier, the elasticity of a varnish 
for its specific purpose of use igiust be carefully considered 
in that, iwder conditions favouring the progressive hardening 
of a varnish film, for example, by exposure to the sun's 
direct rays, a vgmish of maximum elasticity musf be 
employed. The converse, i.e. the employment of an ela^ic 
'varnish intended for exterior use in a situation sheltered 
from the sun's rays, would, of course, result in a film being 
obtained of insufficient hardness for reasonable wear. In* 
the case considered, the development of cracks would have 
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for its origin Ishe presence of too high a proportion of gum- 
resin to oil, wit]i resultant r^pid formation of a film of great 
^hardness jyid insufficient elasticity under conditions leading 
to changes in \folume, i.e. heat and cold. Cracking of the 
film, due to this cause usually •manifests itself without any 
other attendant phenomena.* It 4na]f sometimes happen, 
however, that some time after exposure, the erstwhile glossy 
•film takes on a dullness, which when viewed in bright sun- 
light presents the appearance of an iridescence. This dulling, 
when viewed undhr magnification, will resolve itself into a 
network of fine cracks, which in course of time will develop 
and extend uittil'ithey become easily visible to the naked 
eye. Such destruction of the fihn has for its origin an oil 
medium in the varnish of insufficient stability to the pro- 
gressive influence of ‘oKidation, i.c. an oil which has been 
• over-treated with driers. .The rapid and progressive 
oxidation of the oil will result in a rapid loss in weight 
beyond the point of maximum increase (cf. Oxygen 
Absorption of Oils) with contraction in volume. A some- 
what rarer cause of cracking in varnish films originates 
from the wrongful application of the order of the 
coatings, i.c. the application of the relatively less elastic 
undercoating varnish on to the finishing varnish. The 
former, possessing an insufficient elasticity to withstand 
variations in atmospheric temperatures, results in cracking 
of the film, an occurrence which is accentuated by the 
comparative lack of solid support afforded by the elastic 
undercoat. 

, (6) “Cissing.” — ^This term, which would appear to be 

peculiar tp the paint an^ varnish craft, represents the 
phenomenon occurring when oil is applied to a daprp surface 
or vice versa, and consists in the contraction or retression 
of J:he film applied to separate drop^ of lesser surface. 
I? thus points for its causation to the high interfacial 
tension existiAg between varnish film, applied and under- 
coat, usually dried varnish. “ Cissing " usually occurs a 
few minutes after application of a varnish film to a glo^y 
undercoat that has not been propel flatted " by pumice 
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powder, etc,, to aSord a " key ” to the succeeding coat. The 
manifestation of the “ cissing would appear to be about 
simultaneous twith the period of evaporation of the bulk 
of the volatile thinner. The cause of “ tissing '' on an 
unflatted varnished surface J.s to be found as before stated 
in the high interfaoial JtensiSn existing between the twc 
surfaces brought into contact, 'while the inhibiting effect 
of flatting is probably accounted for by the modificatfOii o\ 
the “ angle of contact ” consequent upon the toothing oi 
the flatted surface. “ Cissing ” may alifp be inhibited b} 
varnishing the undercoat “ on the tack,’' i.e. before it i: 
thoroughly hard and dry, when more co«rpkte “ wetting ’ 
takes place owing to slight solubility of the under surface. 

“ Cissing ” may, however, occasionally occur v^hei 
“ flatting ” of the undercoat has bten done and is thei 
attributable to the use of too new a varnish. The newnesi 
of the varnish need not, however, be so great that cloudinesi 
is present, i.c. that individual particles be visible. It i; 
probable, however, that microscopic dispersed partiplei 
which deposit on evaporation of the volatile solvent act as 
nuclei similarly charged to the bulk of the medium, and 
consequent repulsion round the nuclei takes place. The 
elucidation of the cause of '' cissing ” is occasionally somewhat 
difficult, the sweating through of an immiscible constituent 
from a previous undercoat, e.g. some bitumens being some- 
times to blame. In very obstinate cases, washing of the 
undercoat with dilute sodium carbonate solution may 
rectify the fault. 

(c) ^‘Pinholing or Pitting. — ^This phenomenon par-, 
takes to some extent of the same^nature as “ cissing, " and is 
consequent on the deposition of (generally) visible particles 
from an insufficiently matured varnish. It may sometimes 
be due to nuclei qf. moisture on the imdercoat or deposited 
subsequent to the ^application of the varnish. When due 
\>o insufficiently matured varnish, the remedy is obvious. 

(d) ^‘Blooming” and ‘Chalking.” — ^These two faults 
ar$ being treated under one heading notwithstanding their * 
lack of connection, on account of the common misappellation 
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of the one* ease for -the other. “Blooming/' conectly 
defined, consists in the a^^pearance of a plum-like bloom on 

^the surfacje of a varnish film, usually a da>^ or two after ^ 
drying. It geAerally occurs in relatively inelastic “ short- 
oil V varnishes containing a lo\%proportion of oil, i.c. stoving, 
rubbing, and polistting varnishes, but ij also occurs in “ long- 
oil " varnishes and in wbod-oil varnishes. Beyond this 

• estaislished fact,, there seems to be little concensus of 

opinion as to its ultimate cause. Many observers, whilst 
agreeing that its* manifestation is restricted to the above- 
mentioned classes of varnishes, go further in stating lhat 
the use of spirit to the exclusion of turpentine in 

the varnish is the cause. On such basis, it would appear, 
that the rather poor solvent properties of white spirit for 
the relatively unstahle combination of gum- resin and oil 

. in such “ short-oil " varnishes might lesult in a partial 

* separation of gum and oil with consequent slight optical 
discontinuity in the fdm. It has also been suggested* 
th^^t “ blooming " is caused by condensation of moisture 
on the imperfectly dry varnish film. This suggestion would 
appear to be substantiated by the fact that such blooming " 
may be temporarily removed by rubbing the varnish film 
with white spirit or by washing with water, f “ Bloom- 
ing ” may occur also on varnishes of all types when applied 
in a damp atmosphere under conditions favouring conden- 
sation of moisture on the varnished film. Such may 
exist when excessive moistening of the floor has been done 
with a view to the laying of dust during the operation of 
varnishing. The removal of the bloom formed is often 
impossible, the only rem^dj being to remove -the coating 
and to re-apply under favourable conditions. ^ 

“ Chalking,” or the manifestation of a whitish trans- 
luaence of the film on immersion in ws^er, comes under an 
entirely different heading. “ Chalking ” is a fault most 
marked in elastic varnishes, i.c. thosf rich in oil, but n(?t 
restricted to them, its intensity on immersion of a varnish 

* Seeligman and Zieke; “Handbuch der Lack- und Firnis- Indus^ie/* 
p. 708. 

t Loc. cit. 
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film seei^iing to be roughly^ proportional to l!he relative oil 
content, and being nearly absenj ift polishing^ etc., varnishes. 
, It is essentially an emulsion phepomenon with water as 
disperse phase * and is inhibited by^ the presence of, salts 
iit the water. De Waele,t •while calling attention to* the 
absence of the phenbmanon in films ol varnishes rich in 
China wood oil, suggests that *it may be dependent ^on 
the presence of suspended water particles, the degree of 
magnitude of the same, however, being of an order below 
that of the wave-length of light in this 'case. “Chalking’' 
disappears on drying off the once-immersed varnish film, 
the film apparently returning to its origi^^al state, but it 
• returns immediately on j'e-immersion in water. J The fault 
is not one that should be present in varnishes intended 
for immersion, c.g. boat and yacht v^frnishes. 

{e) Wrinkling,— This, as its name implies, appears as a 
puckering-up of that part of a varnish film where a thickness 
has collected owing to flow. With the exception of “ short- 
oil ’’ varnishes, which dry rather by evaporation of solvent 
than oxidation, it is a fault which will always appear when 
careless application of the film has been the case. Its cause 
lies in the fact that contraction in volume in an oil occurs 
simultaneously with absorption of oxygen, the increase in 
specific gravity not corresponding to the weight of oxygen 
absorbed. Varnishes which are inclined to skin over when 
stored in bulk, especially manifest a strong tendency to 
wrinkle on application. The formation of skins is an indica- 
tion that in the case considered, the second part of the 
reaction : 


A-f02=A02 . A02+A=:2A0 • 

indicating transference of oxygen from the surface layer to 
the under-portions of the film, is not complete. The fact 
that skinning is moje often apparent in varnishes in which 
the oil present exists to a great degree in a poly^merized form, 

• R. S. Morrell, Br. Assoc. Reports on Colloid Chemistry and its Indus'- 
trial Applications, 1920. 

f Proc. Oil and Colour Chemists' Assoc., 191$, II., ij, 106-109, 
t R. S. Morrell (loc. cit,). 
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i.e, m a torm m which the stability of peroxides is at a maxi- 
mum, would support tilts. ^ An alternative hypothesis is 
^advanced ^ by H. Wolff,* who points out thct the rate of 
oxidation in a thick film of varnish is considerably greater 
in the surface than in\he body«f the film, owing to the non- 
penetration of the tactivatingj ultra-violet rays in the latter. 
Thus, expansion with partial approach to a completion of 
^ • the ^ocess of solidification will take place in the surface, 
independently of and in advance of the under layers. The 
fault is more p^iiounced in certain types of varnishes, 
particularly those in which solidill cation is influenced solely 
by oxidation Mn) as distinct from those favouring 
solidification by polymerization (Pb, Ce, etc.).t Thus, 
wrinkling is accentuated in varnishes which have been 
treated with an excess ®f manganese or cobalt driers. 

(/) ^‘Bubbling/’ — ^The appearance of small bubbles 
during application of the varnish changing subsequently to 
pinholes is a minor trouble, generally attributable to too 
rapid an application. Too low a viscosity, owing to excessive 
thinners, favours the formation of bubbles. 

(g) “Webbing’’ or “Crocodile-skin.” — This phe- 
nomenon is very characteristic and at first sight somewhat 
simulates cracks. On close examination, however, the dis- 
tinction becomes apparent as a puckering-up of the surface, 
the excess area being taken up as ridges forming the 
boundaries of the “ web.” The fault always originates in the 
presence of China wood oil in the varnish, suitable treatment, 
however, stopping the tendency to ‘ ‘ webbing . ” “ W ebbing ' ’ 
,does not always manifest itself on application of the same 
varnish — an absence or low.-concentration of ultra-violet rays, 
together with an atmosphere highly charged witli^C02, 
favouring its appearance. Generally speaking, it may be 
attributed to the presence of a large p*]joportion of insuffi- 
ciently polymerized China wood oil. Since many modem 
varnishes are made with China wood ,oil as a constituent; 
the liability to “ webbing ” should be specially tested for 

I 

* Farben-Zetl, igig, 24, 1119. 
t R. S. Morrell, J. Chem. Soc., 1918, 113, iii. 
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by allowing glass plates coated with the vaisnish to dry in 
an atmosphere highly charged with products of combustion. 

(h) Blistefing and Peeling. — Both these faults are attri-^ 

butable to the same cause, viz. the entrappifig of ultimately 
volatile products underneath varnish 'films. In the ca^e of 
blistering, solid impi^-iti^, offen heavy ftietal soaps (driers), 
arising from imperfect maturing* of the varnish, set up local 
points of decomposition of the oxidized, film immedsafely 
in contact with the undercoat, with consequent development 
of gaseous products of decomposition which are unable to 
penetrate the covering film. The fault is naturally more 
common where the varnish film is expoe^vl* to heat. No 
remedy exists when once the fault occurs, but careful 
flatting of the undercoat is usually a safeguard' against its 
occurrence. • • 

Peeling is similarly less likely to occur when thorough 
flatting of the undercoat has been done, owing to the more 
perfect ‘‘ key ” or adhesion of the two surfaces. It is usually 
caused by the application of a varnish coating on an under- 
coat containing too much drier, for the reasons given above 
as to the cause of blisters forming round nuclei of drier 
particles. 

(i) “ Ropiness. — Ropiness, or the curdling of varnish 
under the brush, although more apparent during use, has 
usually occurred previous to its application. In its simplest 
form, it is due to chilling of the varnish with consequent 
disturbance of the accurately gauged viscosity and flow 
originally present. It must not be lost sight of that copal 
varnishes are at best somewhat unstable emulsoids or sus- 
pensoids v«ry susceptible to irrev^sible change uncjer extreme 
conditions of cold. Curdhng, however, is sometimes attri- 
butable to faulty manufacture, i.e. incomplete “ solution " 
of the gum-resin iii.the oil. It manifests itself as a gradual 
increase in viscosiliy during storage with ultimate separa- 
tion of a gummy C 9 agulum. Many vamisbss are curdled 
by addition of raw or boiled linseed oil, petroleum spirit, 
other varnishes, etc. 

General Flaws or Imperfections in the Surface of a 
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Varnish Film are often apparent to a degree out of all 
proportion to their cause, •/e^ small particles of falling dust, 

^ ^etc., causi^^g small pips, ridges, etc. The careful straining . 
of the varnish jlrevious to use, employment of clean brushes, 
working in as far as* possible dust-free atmosphere, etc., 
will do much to ol^iate these imperfections. 


Types of Varnishes 

A general de^ription of the manufacture of a typical 
varnish composed of gum-resin, drying oil, siccative and 
volatile thinnet'^.^is been given in the preceding pages. It 
being beyond the scope of this work to enter into the composi- ^ 
tion, of the many varnishes destined for special purposes, 
a brief description, hd\Yever, of the more general types will 
‘ not be amiss. 

Decorator’s Varnishes. — ^These varnishes, as their 
name implies, are intended for use by the house decorator, 
in distinction to the more exacting requirements of the coach 
or motor body painter. With the exception of Goldsize 
or Preparation Varnish already referred to, these varnishes 
are characterized by a fair degree of elasticity and moderate 
speed of drying. Church Oak is the term usually applied 
to a varnish yielding an especially hard film which does not 
appreciably soften at temiieratures up to 40° C., it being 
intended for use on seats. The hardness of the film is often 
obtained by addition of lime to the gum-resin and oil combina- 
tion, a calcium resinate of high melting-point being formed. 

« Mixing Varnish is specially intended for conferring gloss to 
oil paints, and in consequer^ce of the liability of the latter to 
contain basic pigments, should have as low an acid value as 
possible. Inside Varnishes are usually of high gum-resin 
coi^ent, thus giving a great degree of >|;iardness and gloss, 
but not necessarily of great weather-resitting power. 

.Coach-builder’s Varnishes. — These represent the high- 
est art of the varnish manufacturer, and are characterized 
* by their careful preparation, long maturing, special selection 
of gum-resins, treatment of oil, and nature and proportion 
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of driers for which the partic^ular varnish is specially destined. 
It will thus be apparent that nojie«but specially selected p^fle 
hard gum-resins and carefully treated oils would pe suitable^^ 
for the pale varnishes known in the trade* as French Oil, 
Maple and Venice Body Vanishes. Tfie terms Body Varjtish 
and Carriage Varni^ refer to their infended designations 
of application to the body (dools, roof), and under portion 
(wheels, etc.) of coaches. J apans will be dealt with bekrw! • ^ 
Varnishes for Special Purposes include such types as 
Boat and Yacht Varnishes (specially prepared to withstand 
immersion in water) ; Sioving Varnishes for the protection 
of metal parts where rapid application jmA ‘ great hardness 
are essential ; Polishing Varmshes intended for decoration 
of articles not exposed to the weather, in which the fjnish 
is obtained by hand polishing the flatfed dried film, etc 


Japans and Bituminous Varnishes 

These preparations occupy a special position to themseVes, 
since they differ in having for their characteristic ingredient 
a bitumen or asphalt. Both gum-resin and oil may or 
may not be present, as the asphaltic substances differ far 
more widely in their hardness and elasticity than the various 
gum-resins, and correction of these properties to the degree 
desired is thereby obtained. The most important bituminous 
varnish used in the higher branches of the decorative crafts 
is known as Black Japan. The method of preparation, 
specific choice of ingredients, etc., varies widely with the 
different manufacturers, so that beyond a general descrip-, 
tion of the composition and properties of this product, 
reference , must be made for further details to the larger 
text-books. The specific purpose of Black Japan is in the 
production of a brewnish-black ground of particular tons- 
lucency or depth, thus differing from pigmented preparations 
*(black enamel) which appear to reflect their depth of colour 
from the surface only. The main use of Black Japan in 
th^ coach-building craft is in the treatment of mudguards, • 
etc. The varnish itself is obtained by amalgamating 
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specially-treat«d oil of great frying power with a suit- 
a01e bitumen in the sain® way as described in the manu- 
*^acture of popal varnish. The Japan itself r^^rely possesses 
a great degree 'of elastmity or weather-resistance, so that 
in use it needs to receive a cc^ting of a suitable linishing 
varnish. The artA^f the valnish, m^ker consists in the 
preparation of a Japan of a great degree of depth and 
'inteiijity of colour without employing so high a proportion 
of bitumen that solubility of the latter in the ensuing 
coat takes place' a condition manifesting itself by the 
appearance on the finished work of an undesirable greenish 
fluorescence, ^miswick Black, Air-drying Black, and 
Black Slaving Enamels also belong to the class of Black 
Japans. Black Varnish for pateht leather is a varnish 
possessing an extraotdinary degree of elasticity at low 
• temperatures combined with a high gloss and great trans- 
parency. It is obtained by suitable heat treatment of 
linseed oil in the presence of iron as a drier or jjolymeriza- 
tioift accelerator, Prussian blue being commonly employed 
as the source of iron. Addition of gum-resin or asphaltum 
is inadmissible on account of the extreme elasticity needed. 



Section 11. ^INSULATING VARNISHES* 

Owing to the high dielectric constants of r-esins, drying oils, 
and pitches, varnishes are valuable insulating materials. 
The following table shows the specihc in^urtive capacity of 
a number of insulating materials : — 


Asphaltum . . 

. . 2 68 (Pirani) 

Plate glass 

. . • • 5 37-t> 2 Arons) 

Paraffin 

. . 2 32-1 '92 (Bergmann) 

Shellac 

.. .. 3'i-2 7 (Gordon) 

Resin 

.. 2 '55 (Boltzmann) 

Porcelain . . 

. . 4 8-6 8 (Curie) 

Paper 

,. 2 o-2'5 (Pirani) 

Mica 

. . 6 64-5-66 (Klemenic) 

Bakelitc 

. . . . 5'6'8‘8 (Electnc Test Laby., N.Vf) 


The solution of resin and oil in suitable thinners permits 
impregnation of other insulating materials, and after volatili- 
zation of the solvent a film of non-conducting material is 
left with high moisture-resisting properties. In the case 
of many varnishes the film is sufficiently elastic to bear 
strain, and rise of temperature in working is often insufficient 
to cause brittleness so that the surface coating remains intact 
for long periods of time. The description of insulating 
varnishes is inadequate in most text-books on varnishes in 
English, although some firms^ i^sue brochures .describing 
the properties and uses of their preparations. It is left to 
the electrical engineer to put forward his requirements and 
to state the conditions under which the materials are used. 
In this brief statement of the subject the general principles 
6f the functions of ^insulating materials as daid down ,by 
Fleming and Johnson in their handbook, “Insulation and 
D€;gignof Electrical Windings " (Longmans, 1913), have been 
closely followed. To the varnish student it will be evident 
206 
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which classes* of varnishes are post suitable for different 
s]?^tems of insulation wi^hgut going into details of the 
* compositioji of the mixings. To the electrician a break- 
down due to defective insulation is costly and leakage of 
current makes econotnical and safe working impossible. 
The varnishes of ii^ulating coatings must give maximum 
insulation with minimum thicliness and maximum penetra- 
^■tion combined wiUi marked waterproofing properties. 

Fleming and Johnson classify insulating varnishes as 
follows : — 

(1) Varnishes for impregnating windings. 

(2) Vaiftsl^es for treating paper and fabrics. 

(3) Cementing varnishes. 

. (4) Finishing varnishes. • 

(i) Varnishes f of •Impregnating Windings. — These 
-varnishes are used to fill the coverings of windings, thereby in- 
creasing their insulating value and rendering them moisture- 
resisting. They must, moreover, resist the action of the hot 
mineral oil which is essential for oil-immersed windings. The 
film should be sufficiently flexible to withstand mechanical 
stresses, and expansion and contraction of the windings, 
and retain their flexibility with age. There must be no 
corrosive action on copper or destruction of the fibrous 
insulation coverings. The varnishes should be as free as 
possible from organic acids which tend to become active 
during the process of oxidation of the varnish especially 
when it is stoved. This corrosive action of the organic 
aci(fs is not serious except for fine windings, i.e. wires of 
*0*02 in. diameter and smaller. The corrosive action of the 
acids appears to cease when the varnish becomes dry. 
The green discoloration often noticed on windings impreg- 
nated with linseed oil resin varnishes, especially those 
containing turpentine, occurs during the frying process, and 
wRen once the varnish has hardened no farther action seems 
to take place. •Experience has shown tjiat the acids in var-* 
nishes are not the main cause of insiflation failures. The 
•presence of a certain anjount of mineral drier is permitted^if 
air-drying coatings are required, and also in stoving varnishes. 
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It must be pointed out that the oxidatioi^, of a varnish 
continues slowly even after it appears dry, so that tfie 
elasticity will ^ gradually decrease and care niust be taken in 
the amount of drier present and iri the proportions of resin 
and oil present in the mixing^ ‘ 

An air-drying va!| nisli is usually made to dry in 10-15 
hours and a stoving varnish in iii-i5hours at a temperature 
of 100° C. ^ ‘ . 

Pitch varnishes containing linseed oil are of more per- 
manent flexibility, but have a lower diele^ric strength and 
are less mineral-oil resisting. 

In linseed oil varnish films only the optst'ie is really dry. 

If a resin dissolved in spirit or suitable petroleum thinner 
is used the windings are^dry on the expulsion of the solvent, 
but such films lack the flexibility of linseed oil varnishes.* 

The shellac varnishes are suitable for insulation of low. 
voltage windings such as instrument coils, where the temper * 
ature variation is small and there are no mechanical stresses 
to be considered. The coatings are, however, brittle, and 
although the shellac dries quickly it is not permanent in 
moist air. 

The so-called heat - radiating varnishes are compara- 
tively poor insulators and more satisfactory^ results are 
obtained by filling interspaces in the windings with solid 
compounds. 

It is of the greatest importance to remove moisture from 
the cotton coverings before the varnish is applied, other- 
wise insulation may break down due to ionization caused by 
the water. The drying of the windings is performed prefer- 
ably in a vacuum chamber, and t^e varnish should be allowed 
to impregnate the coils prior To removing them from the 
vacuum chamber, thereby ensuring greater penetration of 
the varnish. The yarnishes require thinning from time to 
time with benzine Ito maintain the penetrating power, aftd 
Special care should be taken to ensure that the first coat is 
dried before a second coat is applied. When more than one 
coating is applied the windings should be drained from^ 
opposite ends to ensure uniformity of coating. 
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Solid iin{)regnating compounds on an asphaltum basis 
have now considerably sijpers^ed varnishes in the insula- 
tion of. windings. The impregnation is •complete in one 
Operation, *the «oatings %re more chemically inert and are 
better fillers and moire moisture-resisting. A difhculty in 
their use is selecticfn of the aspiialtum ^hich will impregnate 
th£ windings at a suitable* temperatiire and will not ooze 
.out <4 the windings during the working. Generally the 
• asphaltums used soften at 105^-1 15° C. and do not become 
appreciably fluid telow 150° C. If the impregnation temper- 
ature is raised tooMiigh the coverings may be carbonized and 
if too low the (^nnpound may ooze out when the winding is 
in use. These compounds are used on field coils and station- 
ary windings, but not for revolving part^s, owing to displace- 
ment by centrifugal fofces, nor for transformer work, owing 
to rise in temperature, or for immersed types of transformers 
Vhere the asphaltum may be dissolved away. 

Method of Application. —The windings to be impreg- 
nated are dried in a vacuum chamber. The compound 
is melted in a steam-coil-heated tank and introduced into 
the vacuum chamber by opening a valve in the connecting 
pipe, the atmospheric pressure forcing the compound 
out of the melting tank into the vacuum chamber. The 
windings in the vacuum chamber are now subjected to 
an air pressure of 50 lbs. per square inch so as to complete 
the impregnation of the coils. 

(2) Varnishes for Impregnating Papers and Fabrics. 

— ^Tlie requirements are good flow, high moisture-resisting 
^ower, and great flexibility. It is of great importance that the 
physical properties of the coating materials should.be perma- 
nent under* working conditmifs. They must not be^attacked 
by mineral acids. The presence of mineral acids is immaterial 
provided there is no chemical action between them and the 
p«per or fabric. Owing to the natural tnoisture- absorbing^ 
powers of the ^^per and fabric they must be heated, but not 
too' much, to reduce their flexibility. As in the case of all 
^insulating varnishes a proper balance must be maintained 
between stoutness and* penetration, and the selection of a 

14 
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variety will largely depend on this factor. The thickness 
of the coating is about Cj;oo2 jn. ‘ A linseed oil varnisih 
can be employed 'containing resin with drieis, which can be 
stoved at loo* C. to give a smooth elastic surface with du^ 
consideration of the penetrating power and elasticity of 
the film. ^ 

(3) Varnishes for ^ Cementing Purposes* —These var- 
nishes are used in building up mica sheets and it) the, 
preparation of mica cloth. Spirit varnishes, shellac, or spirit * 
soluble copal in methylated spirit may be used. These 
varnishes dry without oxidation and soften on heating, so 
that their use is restricted by temperal^vre limitations. 
They are employed for the preparation of insulating tubes 
and for cylinders of pa^ipr and mica. 

(4) Varnishes for Finishing Purposes —These varnishes 
are used to give a smooth coating to the coils or windings 
which will prevent dirt or dust from accumulating on the 
surface. They must be air-c 1 r}dng and resist lubricating oil. 
Shellac and pitch varnishes give a smooth surface but are 
brittle. The varnishes may be sprayed on. Provided •the 
windings are protected by smooth tape the impregnating 
varnish is sufficient, although the surface must be hand- 
brushed, which adds to the cost of production. 

For testing the insulation power it is customary to include 
drying tests, breakdown voltage, the effect of hot mineral 
oil, brittleness, economy test (which is a test to determine 
the proper concentration of a varnish giving the maximum 
breakdown voltage), shop tests with the varnish in IfUlk, 
penetration tests whereby the depth to which a varnish has 
penetrated the material built up in layers, and finally the* 
rate of moisture absorption by measuring the’ insulation 
resistances at frequent intervals of a coil immersed in water. 

The testing of a varnish as carried out by the National 
Physical Laboratory would be on the lines of impregnating 
'coils of double cotton-covered wire and submitting adjacent 
layers of the coils to an increasing alternating voltage tfntil 
breakdown occurs. The pressure would be applied to the ^ 
cdils in steps of 100 volts for periods of i minute starting 
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at 500 volts^ The varnish coating would be §toved at 
^55° F., 23" vacdum or 24D'^^F.#at ordinary pressure. A good 
elastic- ir^ulating varnish tested under tl^ese co^hditions. 
would stand an* electric pressure of 1400 volts before breaking 
do^h. The coils woftld be dipped only once in the varnish. 
Doubly coated tfie protectio*n wquldfbe greater. It must 
be pointed out that direcf cifrrent breakdown voltages are 
afways higher th^n alternating (about twice) , probably due 
to less internal heating and absence of alternating dielectric 
stress. Generally the voltage required to produce a lyeak- 
down should be about 1000 volts per mil. in a thickness of 
o*oo6 in. 

A few figures may be quoted from vSeeligman and Zieke# 
to ^ive some idea of the breakdowli voltages, but they must 
not be taken as anytfiing more, as so much depends on the 
. thickness of the la^^er, the penetrating power of the varnish, 

* and the general conditions of the tests — 


Shellac (one coating) . . 
Linseed oil (drying oil) 

Stand oil 

Dammar in turpentine 

Flatting varnish 

An elastic insulating varnish 


450 volts. 

2400 

650 

400 „ 

3000 ,, 


In Part III. reference was made to the uses of Bakelite for 
insulating purposes. Paper impregnated with Bakelite 
varnish is used in the manufacture of " Micarta ” sheets, 
“ Pectinax " tubes, and transformer terminals. Paper is 
impregnated with the varnish and dried ; and a sufficient 
number of the sheets of paper are then pressed together or 
rolled into tubes. In this way cylinders up to 3 ft. in 
diameter .and transformer terminals from 6-9 R. long are 
made to stand 100,000 volts (Williams, " Electric World," 
1911). 

•The dielectric strength of sheets of impregnated Bakelite 
p*aper is 53,700 volts for yV. compared with 50,460 volt^ 
with shellac f)aper. The varnishes may be used for the 
impregnation of coils, armatures for magnetos, arc lamps, 
transformers, etc. Fluid Bakelite “A" can be usedjor 
impregnation of arc lamps or magneto coils. It penetrates 
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through the windings and foims a solid block. , It has not as 
yet replaced asphaltum impjegpa^ion. Tfie coils are said, 

. to resist mechanical shocks better than when resirjs are used^ 
and the heat-conducting properties, althcTugh weak, are 
greater than those of ordinary resinou^ materials. It re^sts 
acids, clilorine, and \ieal^ alkalies. It must be remembered 
that Bakelite requires a stoving heat of i 40 °-i 7 o‘^ C., and 
the excessive strength of the filling renders the dismantlihg 
of the parts difficult. 

Ip view of the varied requirements for an insulating 
varnish it is evident that special varnishes are wanted for 
different kinds of work. The risk in employment of a new 
( kind of varnish must be great because of failure in insulation 
and its effects. Although much can be avoided by careful 
preliminary testing it must be remeirljered that a durability 
test takes time under working conditions. Thus, once . 
a variety has been found to give satisfactory results there is 
little inclination to change, unless inducements are offered 
in the form of improved insulation, combined with cheapness 
of material and of application. 



Section III.-SPIRIT- VARNISHES 

Spirit varnishes are characterized by their consisting of an 
alcoholic solutioi! of resin or mixture of resins, so thcTt the 
‘‘ drying ” wl^i.ch takes place on application on a surface 
consists merely in an evaporation of the solvent, the resinous 
constitueut remaining in its original state as before solution : 
they thus possess the ^idvantage of drying much more rapidly 
^ than oil varnishes. Owing to the fact that a constituent 
• which possesses the same elastic properties as the dried oil 
or linoxyn in an oil varnish has not yet been found, the result- 
ant film is necessarily more brittle and never j)ossesscs the 
toughness which would fit it for the hard wear to which the 
latter class of varnishes is subjected. The properties of a 
spirit film varnish being intrinsically those of the particular 
resins chosen there is a certain variety of properties in the 
dried film which are limited only by the solubility of the 
resins. Although the individual resins possess varying 
degrees of toughness, a toughness approaching that of even 
a moderately elastic oil varnish cannot be obtained. It may 
be* pointed out that among the spirit varnish resins may be 
found some which possess the properties of impermeability 
to gases and water, insulation, etc., which are not obtainable 
to the same degree in ofi Varnishes. Some improvements 
in elasticity of spirit varnish films is obtained by the addition 
of. certain substances, which, however, at the same time 
Seriously diminish their hardness and| wearing properties. 
Spirit varnishes lend themselves especially to the preparation 
of coloured varnishes owing to the ease with which aniline 
colours can be dissolved in methylated spirit. 

Preparation. — Of the preparation of spirit varnishes 
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consisting merely in the solution of the resin in alcohol little 
description need be given. iTher^ are three methods ii;* 
general ase : the fivst consisting* merely in stirring the sub- 
divided resin in a suitable quantity spirit in an open vat * 
until solution has taken place and then allowing the insollible 
impurities, bark, woo^l, etc., to separate 'oy settlement or 
filtration. The other Gnefhods purport to accelerate the 
solution of the resin, the most widely used being th^t of 
accomplishing solution in a horizontally-disposed wooden 
barrel fitted with a manhole for charging, the barrel being 
rotated about its horizontal axis either on geared spindles or 
on trunnions. The third method consists in 4issolving the 
resin in spirit in a closed steam- jacketed digester fitted 
internally with stirring gear. Although the hand-stirring 
method of solution appears primitive jik is claimed by many 
authorities that paler varnishes are obtained by this means 
owing to the lesser contact with air to which the varnish is * 
subjected. 

The further treatment of the freshly prepared spirit 
varnish, viz. the clearing, is either accomplished by simple 
sedimentation or filtration ; in the latter case special 
precautions have to be taken owing to the volatility of the 
solvent. Shellac varnishes, i.e. alcoholic solutions of gum 
shellac, will only clear to a limited extent by sedimentation, 
a considerable amount of turbidity being present even after 
long standing, and filtration not being practicable owing to 
the fine subdivision and slimy nature of the insoluble 
constituent (shellac wax). This class of varnish is com- 
monly sold and used in its turbid condition, the insoluble 
constituent ^indeed being an intrinsic and necessary part 
of the preparation for certain ' purposes (“French poHsh- 
ing”). The properties and uses of the spirit varnishes 
are best considered , by reference to the individual resips 
^ which have been de^ribed in Part III. Additional facts of 
technical importance may be given under ,the following 
special headings of thd spirit varnish resins. 

. Shellac. — ^This represents the most important constituent 
of spirit varnishes, possessing a degree of elasticity and 
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hardness dikinguishing it fronji all other gums and resins. 
Sihellac, as it coAes into J:he niarket in its various forms of 
^flake sheUfbc, bdtton lac, garnet lac, etc., ns a manuiactured 
product, the different treatments producing the lac in various ’ 
forpfs and conditions <of purity. 

The preparation of shellat for the tnarket from stick-lac 
embodies the separation of bark’ wood, etc., removal of 
• eo’lonring matter^ and conversion of the resin into shellac. 
The separated colouring matter finds an outlet on the market 
as lac-dye. Shellac is prepared in India by somewhat 
primitive method's, the first operation of separating the wood 
from the resin»bei^g done by crushing the stick-lac by hand, 
a knife being used to assist the operation of separation. The ^ 
dye^is removed by stirring the parijy purihed lac in a closed 
cylinder fitted with cgitating gear with water or a weak 
.• solution of caustic soda, a fair proportion of the dye going 
into solution in the water. The water is decanted off and 
the dye may be precipitated with a solution of alum. The 
residue is then carefully dried, transferred to a roll of cotton, 
anS the roll containing the stick-lac gradually warmed by 
bringing it into proximity of a fire ; the ends of the roll are 
twisted to squeeze the molten shellac through the cotton. 
The molten lac is then allowed to solidify on plates or water- 
cooled rolls from which it is removed in flakes of an orange- 
brown colour constituting the flake shellac of commerce. 

Button lac is obtained in the form of large flat or slightly 
hollowed buttons by stirring the crude lac with hot water 
for several hours to remove the colouring matter, melting 
and casting into buttons. Adulteration of this variety with 
rosin is not uncommon,^ such admixture mad^ partly to 
facilitate melting during manufacture. 

Garnet lac is a special preparation of shellac characterized 
by* being free from contained wax. The waxy constituent 
o!f shellac being insoluble in alcohol a l:lear solution is not 
obtainable frctn any variety but garnet lac. Shellac freeS 
from wax is obtained by either fractiohally precipitating the 
wax from a strong alcoholic solution of shellac by water, the 
wax separating out first and the shellac remaining in solution 
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being recovered by distillation of the alcohol, or by treating 
with aqueous solutions of lalkalj carborfate wherein the 
^ shellac fdissolves, leaving the wax insoluble as a scum. Iji 
the latter method the shellac is reccTc^ered by*^ acidification of* 
the alkaline solution. ^ 

0 f 

In connection witfe bleached shellac if must be pointed 
out that many of th# specially 'desirable properties of the 
original shellac are lost; among them being the elasticity 
and ready solubility in alcohol. It was pointed out in a 
formp chapter that the determination of <he iodine value 
of shellac was a method for estimating *the colophonium 
content, but the method is not applicable Jo the examination 
, of the residue from a solution of shellac since any rosin 
present in the resin would become oxidized during evapora- 
tion of the solvent with consequent 'loss of iodine value. 
In such cases a quantity of shellac varnish representing about 
2 grams of dry shellac is weighed into a separating funnel,* 
200 c.c. of petroleum ether (B.P. 35°-6o° C.) added, followed 
by 100 c.c. water added drop by drop with shaking. This 
will result in the separation of two layers with an intermediate 
layer of shellac, the rosin remaining in the clear petroleum 
ether layer. The rosin can be estimated by the usual 
methods (Mcllhiney, J, Am. Chcm. Soc., 1908, jo, 867). 

Of the various designations of alcoholic solutions of shellac 
may be cited “ French polish,” patent knotting,” negative 
varnish, bookbinders' varnish, label varnish, whilst many 
other varieties are obtained by suitably modifying the 
properties of the resin by addition of other resins, i.e. elemi, 
Venice turpentine, sandarac, etc. 

The renj.aining resins which are used in the manufacture 
of spirit varnishes are entirely of vegetable origin, being 
solidified balsams exuding from different species of trees. 
These resins include Manila copal (soft variety), elemi, 

‘ sandarac, etc. Of ttese, soft Manila copal is by far the mo^ 
>^dely used as it enters into the compositio^n of the pale 
spirit varnishes where' high gloss forms a more important 
consideration than elasticity. The occurrence and mode of 
production of the resin has been desciibed in Part III. It 
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ap{)ears in the market as pale|yellow tears or lumps, some 
V[arieties of whidi aggloijierat^ together by slight heat and 
pressure bldcky gum”). The degree of solubility of 
different samples of Manilla gum varies somewhat, many not 
being soluble in spirit* and leaving a stringy residue. Manila 
resin is principally used in that variety of varnish known as 
white hard spirit varnish.” • * • 

• • Manila varnishes are also considerably used as vehicles 
in the manufacture of spirit paints and enamels. Addition 
of small percentages of castor oil or linseed oil fatty ^acids 
is often made id reduce the brittleness of the dry him of 
resin. Sanda^^ac, as one of the hardest of the spirit soluble 
gums, is employed as an addition to spirit varnishes to, 
impart hardness to the him. Its, brittleness precludes its 
extended use as the s^)]e constituent of a spirit varnish. 

Benzoin, often erroneously termed ” gum Benjamin,” 
is the product of Benzoin officinale (cf. Part III.). It is 
relatively unimportant, being used by the varnish maker 
mostly on account of its characteristic odour. The alco- 
holic solution of gum benzoin appears in the Pharmacopada 
as tincture of benzoin or Friar’s Balsam. Benzoin hnds its 
principal application as an addition to spirit varnishes in 
small proportion, its aromatic odour rendering it useful 
in improving the odour of spirit varnishes intended as 
leather dressings. 

Acroides Spirit Varnishes. — ^The red acaroid resin 
is used only for coloured spirit varnishes. It is strongly 
li^t absorbing, and a concentrated solution containing a 
little castor oil or copaiba balsam gives a red-coloured him 
which may be used to coat the windows of pj^otographic 
laboratories so as to exclude actinic rays. 

It is often mixed with shellac spirit varnishes and used 
as^ shellac substitute as it dries quigkly and hard. In 
North America the red resin is used it large quantities in 
leather making. Its special important property of holding, 
even in spirit solution, small quantities of rubber enables 
it to, furnish elastic films which are stated to be watg:- 
resisting. It is used in sealing wax and for making arom&tic 
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soaps. Attempts to bleach ^the resin have not been suc- 
cessful and the strong coloui of Ipth varitities limits thei;* 
use except for " knotting.” The high percentage of insoluble 
matter makes purification advisable* before it can compete 
successfully with other spirit S9luble resins. 



Section IV.-CELLUl^OSE ESTOR VARNISHES 

* Although solutiQns of cellulose nitrate have been known 
and used for a number of years, the particular properties 
shown by films consisting of cellulose acetate tempered by 
various plasticizing agents have brought these products to 
the forefront cJliring the War. 

The cellulose nitrate (erroneously referred to as nitro- • 
cellulose) varnishes have for their commonest representatives 
the well-known collodfons and celluloid. 

The collodion of the British Pharmacopoeia consists of 
pyroxylin or cellulose nitrate Ci8H2i06(0H)(N03)8, dissolved 
in a mixture of three parts of ether and one of alcohol.* 
The resulting emulsoid appears as a viscous translucent 
colourless liquid. On evaporation it leaves a harsh brittle 
film which often dries porous and opaque, owing to the 
presence of water deposited within the film and originating 
from condensed moisture from the surrounding air, the latent 
heat of evaporation of the volatile ether solvent causing 
considerable lowering of temperature. The brittleness of 
collodion is modified by addition of castor oil and Canada 
bal^^m in flexible collodion or collodion flexile (B.P.). 
The high rate of evaporation, inflammability, and tendency 
•to dry to an opaque film are modified in commercial forms 
of cellulose nitrate solutiogs.by replacing the ether- alcohol 
by amyl acetate with addition of castor oil to impart flexi- 
bility to the film. Power nitrates of cellulose down to the 
dinkrocellulose are also employed as a tfasis of the cellulose 
nftrate varnishes in combination with other solvents and, 
non-solvents, e^. acetone, methylated^ spirit, benzol, and 
petrol, etc. 

♦ Cellulose tnnitrate (gim cotton) is insoluble in a mixture of etter 
and alcohol. 
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A solution oi nitrated cotton in tlie abo^fe-mentioned 
solvents is known as “ Za^on,”^. a colourless lacquer fpt 
protection of bright metal parts from rusting and tarnishing. 
As an adhesive it is often blended with shellac to give a 
lustrous coating for metals. r 

Celluloid Varnishes. — ^If*' collodion wool is mixed witt 
camphor and heated under pressure it is transforme'd int^ 
celluloid. Celluloid requires the same solvents as collodiOHj 
giving a varnish which is colourless, lustrous, and adherent 
which does not crack and may be easily coloured like all 
spirit varnishes by solutions of aniline dyes. The additior 
of castor oil renders the coating more elastic and mort 
adherent. They are tougher than collodion varnishes and 
may be applied in thicker coats, c.g. up to ^ in. .thick, and 
the coats are brilliant and adherent, waterproof but higlil) 
inflammable. 

Cellulose Acetate Varnishes.— It is safe to assume 
that the great importance which the manufacture of this 
product has assumed has been entirely due to the pari 
which cellulose acetate varnishes dopes ’') have played ii 
the War. Cellulose acetate films have the distinctive 
property of possessing relative uninflammability, in addition 
to which those obtained from cellulose acetate, prepared under 
certain specific conditions, when applied to linen fabric have 
the property of inducing increased tautness. The import- 
ance of this latter property will be recognized when considered 
from the standpoint of application to a stretched fabric, 
viz. the wings of aeroplanes. The “ solubility " of cellulose 
acetates in different media is dependent on the mode of^ 
preparation of the ester just as in the case of the cellulose 
nitrates, but the variety chosen for the preparation of air- 
craft dopes is not dissolved in the usual nitrocellulose 
“solvents," acetone and its homologues with other “sol- 
vents " and “ non-solvents " being usually employed. • 

In the manufacture of dopes, “plasticizing" agents, 
e.g, triphenyl phosphiite, etc., are added to reduce the brittle- 
ness of the film whilst retardation of the rate of evaporation ^ 
oT the volatile continuous phase is effected by addition of 
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certain liquidj of high boilina point, viz. benzyl alcohol, 
t&rpineol, etc. * ^ ^ • 

* The lo^er degree of inflammability of cellulose •acetate 
las not resulted in th6 adoption as a base for varnishes 
)the!- than those intended for^covering aircraft wings owing 
;o its higher co^ and the 'relative unimportance of the 
^flammability. 

• * Cellulose acetqte sols, on the ba^is ot a ainerent variety 
)f ester to that used in dopes, are used in the manufacture of 
irtihcial silk fibtes. It must be mentioned that in conse- 
quence of the high viscosity simultaneous with low concentra- 
:ion of the sois o[ both cellulose nitrate and acetate their 
imployment in qdace of either coqial or spirit varnishes is 
nar(hy likely to take place when thq question of the necessity 
of application of filmg of tolerable thickness comes into 

. question. For outside wear the doqie is sensitive to the actions 
*of ultraviolet rays and must be protected by incorporation 
with a protective pigment, moreover its water-resisting 
power is not very great and it has to be covered with a varnish 
of low water-absorbing power, preferably a China wood oil 
varnish. (For an account of the commercial development 
of the manufacture of cellulose acetate, see F. C. Worden, 
J, S. C. L, 1919, jS, 3 ^ 9 *) 



Section V.-AMALYSIS OF VAKJNISHES 


THE^usual varnish examination includes the determinatior 
of specific gravity, flash point, colour, viscosity, the amount 
and nature of the solvent or thinning spirit^ a qualitative 
test tor rosin, and the gravimetric estimation of the ash 
yielded on ignition of the varnish. Moreover, a drying test 
on glass or on a prepared wood panel and examination of 
the rubbing properties as well as the action of hot and cold . 
water on the film are noted. It is evident that the above 
tests give inadequate information as to the durability of 
the coating which can only be satisfactorily determined by 
several months’ exposure. To a very limited degree the 
expert can predict the properties of a varnish film, but the 
dependence of the properties on composition is by no means 
certain, owing to the difficulty in estimating the proportions 
of resin and oil in any mixing as well as the lack of know- 
ledge of the connection of the properties of the fused 
resins with their physical and chemical constants. The 
separation and determination of the thinner is comparatively 
easy and accurate (de Waele and Smith, Analyst, 1918, 
408). The separation of the resin and oil is difficult and 
the identification of the components is by no means certain. 
The different processes employed for the depolymerization 
of the gum introduce difficulties in the identification of the 
separated resins. At present there is no agreement a?, to 
the estimation of the component oils which may be present 
in a more or less polymerized state. The,x:hanges which 
occur in the “ ageifig ’’ process undoubtedly modify the 
properties of resin and oil. A summary of the methods • 
employed in varnish examination is given by Boughton 
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(Technological Papers of the bureau of Standards, No. 65 : 
^^Determination of OifandResm in Varnishes,'’ Washington, 
1916). It is evident that if the estimation of the glyceryl 
■ radicle in an oil mixing \rere accurate the determination of the 
oil v/ould be easy, although no distinction could be drawn 
between simple and polymejized oil. It must be pointed 
f^ut that the saponification value of a varnish is useless, 

. bdcat^se the resins contain esters.- Attempts to separate 
the resin from the oil by use of special solvents has not met 
with success. Vorhees {Bull. 109, Bureau of Chemistry, 
.Dept, of Agr., U.S.A.) proposes to separate resins by petro- 
leum ether, which dissolves the oil and part of the resins, 
and transforming the oils into linoxyn by oxidation. Treat- ^ 
ment with chloroform will separate the resin from the 
insoluble linoxyn. Poughton considers the method in- 
accurate for general use. The separation of resins and oils 
has been attempted by an esterification method depending 
on the more rapid esterification of the oil acids in the 
presence of resin acids. This method was suggested by 
Twitchell (/. Sac. Chem. Ind., 1891, 10, 884), and has been 
criticized and modified by many workers (Gill, J. Amer. 
Chem. Soc., 1906, 28, 1723; Holley. “Analysis of Paint and 
Varnish Products,” 1912, 259 ; Dewkowitsch, ‘‘ Oils, Fats, and 
Waxes,” 5th Edition, iii, 165 (1915) ; Boughton, he. cit.). 

In the opinion of one of the writers the difficulty lies in 
the proper control of the rate of esterification of the oil and 
resin acids as will be evident from the description of the 
process : after the removal of the thinners the resins and 
oils are saponified and the unsaponifiable matter is collected 
and taken as part of the resin. The soap solution is treated 
with acid and the liberated' f^tty and resin acids are esterified 
in absolute alcohol solution by gaseous hydrochloric acid 
whereby the former are transformed into ethyl esters and 
the latter are considered to be unattarked. The mixture 
of oil esters and resin acids is treated with petroleum ether 
and shaken with dilute aqueous potassium hydrate which 
, extracts the resin acids. The petroleum ether contaiiis 
the oil esters which are weighed directly. From the aquedus 
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alkaline solution addition of acid liberates the free acids, 
which can be collected and wei^lifd as resin together witfi 
any solid matter which is insoluble in petrc^eum^ ether, 
the esterification has been incomplete the resin values will 
be high owing to contaminated oil, whereas if it has l^een 
carried too far the oi? content Vill be too high owing to the 
presence of resin esters.* The Method works fairly 'satisn 
factorily if rosin and linseed oil are alone present, but. with 
copal resins, polymerized oil or China wood oil mixings the 
method is not so reliable. The following ^figures obtained 
by one of the writers will give a rough idea of the degree of 
accuracy of the method if the esterificatio*r is carefully 
, controlled : — 



Found • 

Calc. 

Found.* 

Calc. 

Tuq^entine 

. 41*36 

41-3 

40-45 

43-5 

Oil (linseed) 

■ 3877 

34-81 .* 

42-29 

40-52 

Resin 

. 13-8 

140 

M77 

14-9 

Residue (driers) . , 

• 307 

1-89 

0-83 

1-34 


Mcllheney (Proc. Am. Soc. for Test, Mat., 1908, 8 , 596) 
has modified the method, but Darner (A^. Dak. Agr. Exp, 
Sta. Paint Bulletin, 1915, i, No. 6) and Boughton [loc cit.) 
find that the modification is unsatisfactory w^hen tung oil 
is present and the separation of the precipitated resin is 
very troublesome. The results obtained by one of the 
authors is in agreement with Darner and Boughton (see 
p. 225), and he is of the opinion that the substitution of 
methylated ether for petroleum ether by Boughton, although 
preventing emulsions and shortening the method, introduces 
an error owing to the partial solubility of the resin acid salt 
in methyl ether, but he agrees with Boughton that methods 
involving (jsterification by Twitchell or Wolff Methods 
[Chem. Zeit., 1914, 3^, 369) are tV best so far devised for 
practical use, although the accuracy leaves much to be 
desired. The method is tedious, and to obtain satisfactory 
results large quantities of varnish (60 grams) ought to He 
used. . 

An attempt to estimate the amount of polymerized 
oil was made by treating the resin and oil • after 

* • Mean of 3 analyses. 
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Mcllhetify’s 

method. 


Resin • . . ' . . 20 5 

Oil (linseed ^nd tung oilf ^ 28 


Twitchell 

method. 

17-0 

34 '5-36-4 


Oalc. 

15-0 

35-87 


Yarnish 

I 

ignition 
; Ash% (A) 


Schemf oj Boughtons Method. 


Vartiisli 

• I 

Heat 5 liouF', 
at T 1 5° C * 

j l^on-volatilc I 
' '.tterVo (li) 


\^arnish 

• I 

T/catment with alcoholic KOH 
an^l extraction with ether 


1 

I ] ’<ii't of 
; Hns.ijioniliable 
matter (\) 


' Soaps ol resins and fatty 
<u ids and part of 
' iiiisapoiiiliahle matter 

Trf’atment with lU'l, separation 
of fatty aiul resin acids and unsaiioniti- 
able matter, esterification with aleoliol 
andl-RbO^and treatment with KOllaq 


Ethyl esters of fatty acids and 
part of unsapomiiablc matter 

Treatment wnth alcoholic KOH 
and ether 


'I 

Soaps of resin 
esters 

I 

Treatment with 
HCl extraction 
with ether 


Part of unsaponifi- 
able matter 


Total unsaponifiable 
matter % (C) 1 


Soaps of fatty 
acids 

Treatment with 
HCl, extraction 
with ether, etc. 


Resin acids % 

(R) ^ 


Fatty acids % 

(D) 


D = Oil%. 

B - (A + D) = Resin %. * * 

Products marked X may be disregarded unless it is desired to check the 
percentage of resin as follows : 

• (C 4 - E) X 1-07 = Resm {%). 

• • 

removal of the, thinners with acetone (Morrell, J. S. C. /.* 
1915); and the soluble and insoluble portions were 
estimated separately for gum and oil content. P'or example, 
in the analysis on p. i.24, the ratio of thick to thin linseed 
S. 15 
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oil was found to be i : 2*5, a ratio quite different to the 
calculated amount of thick oil pj-esehl, but ex])licable by* 
the po4unerizatioh occurring during making* and ageing 
of the varnish* 

The identification of the resins aivi oils is difficult, "and 

% 

it is evident that the resins and oils separated in the anal3'sis 
will not be ver>' elos(J>' connectld in their constants with 
those of its comjxments. • I'or example, reffirring to analysis * 
already quoted • 

Original Oil Riijin Original 

oil. scparaUd. separated resin 

Iodine value 1.S5 92-100 S5 7 109 

Saponification value .. 190 J72-1S0 loi-iio 120-130 

Acid value . . 1-2 14 • 27 • 22-28 

The presence of polx nierized oil accounts for the reduction 
in the iodine value as wbll as absorption of HCl during the 
Twitchell esterification Nevertheless some deductions 
may be drawn as to distinction between soft Manilla and* ' 
Congo copals. 

The great difficulty in the estimation of a varnish lies 
in the necessity of using large quantities of material and the 
tediousness of the seqiaration. In fact, the aiiahsis of a 
varnish constitutes a research which makes it difficult to 
obtain results in reasonable time for practical purposes. 
There is great need for a rapid and accurate method of 
examination. For the estimation of metallic driers the 
ignition of the varnish and estimation of the metallic oxides 
by the usual gravimetric or volumetric methods is quite 
straightforward. * 

A. de Waele {Proc, Oil and Colour Chemists Assoc., 1920, 
I/, 75) draws attention to the necessity of interpretation by * 
a varnish technologist of the re^ffits obtained by analysis, 
and on a basis of consideration of the technology of the 
varnish-making process gives a method of which the follow- 
ing is a resume. .The method is somewhat involved tn 
manipulative detail, and the reader is referred to the original 
paper. 

The volatile thinner is estimated by a simplified method ^ 
ofAlistillation with water (A. de Waeld and F. Smith, Analyst, 
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1917, ^2, 1^0, and A de Wade, Analyst, 1918, 408),, 

*t*wo to three grams of varnish only being used for tlie deter- 
Qiinatioii, ajid Hie residue ol fixed oils, refill, and dri^r being 
employed for .the reimiiiider of tlie aiiahl^is The non- ’ 
voj^nile residue is sapiiuified with strou<g jiotassium Inalroxide 
iiy benzol-aleohol* tlie soa]) efaporateS to dryness, taken up 
with water, acidified iiiuhr cthef, and the aqueous layer, 
(!o*nsi^tiiig of tlie mineral matter present as drier, etc., 
scjiarated off and diseaided The acid ethereal la>'er is then 
shaken up witlf exeess of jiotash and tlie uiisajionifiable 
matter remammg*iii the ethereal layer estimated in the usual 
way. The iiijermediate sjej) of acidification of the soap 
solution with subseipieiit reconversion into soa]) has for its^ 
object the removal of lead, calcium, etc., which might be 
present from rosinate ;Lnd which would subsequently interfere 
with convenient vSeparation. 

The soap freed from unsaponifiablc matter is then acidified 
under ])etroleum-ether (bp. 35°-6o° C.), whereby “gum- 
resin acids sejiarate as a flocculent intermediate layer. 
Tlfese are removed, dissolved in ether, and weighed. The 
petroleum-ether layer, consisting of resin acids from both 
rosin and gum-resin together with fatty acids from the oil are 
then evaporated to dryness and esterified in 95 per cent, 
alcohol with i c.c. of strong hydrochloric acid as catalyst 
for 30 minutes at boiling tem|)erature. An equal volume 
of petroleum-ether is added, the acid present neutralized 
wiHi normal alkali, and water added to an amount sufficient 
to dilute the alcohol present to 60 per cent, strength. This 
ensures adequate separation of the alcohol and petroleum- 
ether layers whilst inhibiting hydrolysis of the rosin soap. 
The aqueous layer is thcn’scqiarated, the petroleum-ether 
la} er re-extracted with water once or twice and the extracts 
united. The aqueous extract is finally acidified under 
ether, which latter will then contain fhe resin acids from 
rosin and part of the gum-resin. 

For the calculation of analytical’ results, the original 
papgr.inust be consulted, as the author makes provision for 
the cases of differently constituted varnishes. In brief, 
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.however,, the gum-resin present is obtained from the un- 
gaponifiable matter (less a deduction for unsap o'nifi able matter" 
from tl^e oil present), together with the gum-resin acids, a 
factor being eiiiploycd on account of'undeterminablc fraction 
lost as water soluble, etc. Rosin is obtained from the imsa- 
ponifiable matter and^resin acids, the allocdtion of these two 
fractions to rosin bein^ determined by special considerations 
of composition. . • 

By a seiies of tests on the petroleum-ether insoluble 
layer the author differentiates between “true gum acids,’' 
oxidized fatty acids, and oxyabietic acia from rosin. By 
the recognition of a fraction of the rosin occurring as 

^ petroleum-ether insoluble, the author probably accounts 
and corrects for the low figures obtained for rosin in Mcll- 
heney’s method (Proc. Amcr. Soc. for Test. Mat., 8 , 596). 

The method of analysis is supplemented by a series of . 
physical tests, amongst which it is interesting to note that 
the author differentiates between physical and chemical 
" weather resistance.” Physical weather resistance is re- 
ferred to as the provision of adequate elasticity and hardrifess 
unaer the particular conditions of exposure of the product, 
and is thus dependent on ratio of resin to oil, whilst chemical 
weather resistance is determined by the stability of the oil 
component to atmospheric oxidation beyond that limit 
which marks the maximum increase in weight on oxidation 
(see p. 41). For the determination of the latter, the 
author allows 20 volume ” hydrogen peroxide to evaporate 
on the dried film of varnish, and notes the relative corrosions 
effected by this reagent. The paper embodies also standard- ^ 
ized procedures for determining resistance to water (“ chalk- 
ing ”), etc., and includes sugge^teH specifications for various 
classes of varnishes. 
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